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The Massachusbtts Institute of Technology held its first 
meeting on April 8, 1862. By the act of incorporation, which 
was accepted at this meeting, the Society of Arts was created 
as a part of the Institute coordinate with the School of Industrial 
Science. 

The objects of the Society are to awaken and maintain an 
active interest in the sciences and their practical applications, and 
to aid generally in their advancement in connection with the arts, 
agriculture, manufactures, and commerce. Regular meetings are 
held semi-monthly from October to May. 

The Society discontinued the publication of the Abstrcuts of 
Proceedings in 1891, and since then has published its proceedings 
and the principal papers read at its meetings in the Technology 
Quarterly. The present volume contains the proceedings from 
October, igoo, to May, 1901, inclusive. 

The Quarterly contains, also, the 'results of scientific investi- 
gations carried on at the Institute, and other papers of interest 
to its graduates and friends. 

Neither the Massachusetts Institute of Technology nor the 

Society of Arts assumes any responsibility for the opinions or 
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BY-LAWS, 



Objects of the Society. 

The objects of the Society are to awaken and maintain an active 
interest in the practical sciences, and to aid generally in their advance- 
ment and development in connection with arts, agriculture, manufac- 
tures, and commerce. 

The Society invites all who have any valuable knowledge of this 
kind which they are willing to contribute to attend its meetings and 
become members. Persons having valuable inventions or discoveries 
which they wish to explain will find a suitable occasion in the Society 
meetings, subject to regulations hereafter provided ; and while the 
Society will never indorse, by vote or diploma or other official recog- 
nition, any invention, discovery, theory, or machine, it will give every 
facility to those who wish to discuss the principles and intentions of 
their own machines or inventions, and will endeavor at its meetings, 
or through properly constituted committees, to show how far any 
communications made to it are likely to prove of real service to the 
community. 

Section I. — Administration. 

The immediate management and control of the affairs of the 
Society of Arts shall be exercised by an Executive Committee, con- 
sisting of the President of the Institute and the Secretary of the 
Society (who shall be members ex officits), and five other members, 
who shall be elected by the Society of Arts at each annual meeting, 
to continue in office until other persons have been chosen in their 
place. 

Sect. II. — Duties of the Executive Committee. 

The Executive Committee shall elect its chairman, prescribe his 
duties, and, with the concurrence of the Treasurer of the Institute, 
fix his compensation when the interests of the Society require that 
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he should be paid for his services ; they may invite any person to 
preside at any ordinary meeting who is well versed in the subjects 
to be discussed ; they shall appoint the days and times of meeting, 
when not fixed by the Society, and determine the subjects to be con^ 
sidered at the meetings and the mode of conducting the discussions ; 
they may, with the concurrence of the President of the Institute, 
make such arrangements for reporting and publishing the proceedings 
of the Society as they may deem best suited to advance its interests ; 
they may receive moneys in behalf of the Society in aid of its objects, 
by subscription, donation, or bequest ; they shall make a report of 
their doings to the Society at its annual meeting and at such other 
times as a report may be called for by a majority of the members pres- 
ent at any meeting; they shall also. make a report of their doings to 
the President of the Institute prior to the annual meeting, and at such 
other times as the Corporation may require it. Three members shall 
constitute a quorum for the transaction of business. 

Sect. III. — Duties of the President and Secretary. 

1. It shall be the duty of the President of the Institute to preside 
at the annual and the special meetings of the Society, and also at its 
ordinary meetings when the Executive Committee does not invite a 
special chairman to preside. 

2. It shall be the duty of the Secretary of the Society to give 
notice of and attend all meetings of the Society and of the Executive 
Committee ; to keep a record of the business and orders of each meet- 
ing, and read the same at the next meeting ; to keep a list of the mem- 
bers of the Society, and notify them of their election and of their 
appointment on committees ; and generally to devote his best efforts, 
under the direction of the Executive Committee, to forwarding the 
business and advancing the interests of the Society. He shall also 
record the names of the Executive Committee attending each meeting. 

Sect. IV. — Funds of the Society. 

All the fees and assessments of members, and all moneys received 
by subscription, donation, or otherwise, in aid of the Society, shall be 
paid into the treasury of the Corporation, to be held and used for the 
objects of the Society under the direction of the Executive Commit- 
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tee, and shall be subject to the order of its Chairman, countersigned 
by the President of the Corporation. 

Sect. V. — Meetings of the Society . 

1. The annual meeting of the Society shall be held at the Insti- 
tute on the second Thursday in May. The ordinary meetings shall be 
held semi-monthly, or whenever deemed expedient by the Society or 
by the Executive Committee, excepting in the months of June, July, 
August, and September. 

2. If from any cause the annual meeting shall not have been 
duly notified or held as above required, the same shall be notified and 
held at such time as the Executive Committee may direct. 

3. A special meeting of the Society may at any time be called by 
the Secretary on a written request of ten members. Twelve members 
of the Society shall constitute a quorum for the transaction of business. 

Sect. VI. — Members and Their Election. 

1. Members of the Society of Arts shall be of three kinds -^ 
Associate, Corresponding, and Honorary Members. 

2. Candidates for Associate Membership shall be recommended by 
not less than two members, whose signatures shall be affixed to a writ- 
ten or printed form to that effect. Each nomination shall be referred 
to the Executive Committee, and when reported favorably upon by 
them, and read by the Secretary, may be acted upon at the same 
meeting; the election shall be conducted by ballot, and affirmative 
votes to the number of three fourths of the votes cast shall be neces- 
sary for an election. 

3. Corresponding and Honorary Members may be elected in the 
same way, on nomination by the Executive Committee. 

4. Associate Members shall pay an admission fee of three dollars 
before being entitled to the privileges of membership, and an annual 
assessment of three dollars on the first of October of each year, this 
sum to include subscription to the Technology Quarterly and Proceed- 
ings of the Society of Arts, 

An Associate Member who shall have paid at any one time the 
sum of fifty dollars, or annual assessments for twenty years, shall 
become a member for life, and be thereafter exempted from annual 
assessments. 
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A member neglecting to pay his annual assessment for six months 
after being notified that the same is due shall be regarded as having 
withdrawn his membership, unless otherwise decided by the Execu- 
tive Committee, which shall be authorized, for cause shown, to remit 
the assessments for any one year ; and which shall moreover be em- 
powered to exempt particular members from assessments whenever 
their claims and the interests of the Society make it proper to do so. 

Sect. VII. — Election of the Executive Committee and of 

THE Secretary. 

1. At an ordinary meeting of the Society, preceding the annual 
meeting, a nominating committee of ^ve shall be chosen, whose duty 
it shall be to nominate candidates for the Executive Committee, to post 
a list of the names selected in the office of the Secretary, and to fur- 
nish printed copies thereof to the members at or before the time of 
election. 

2. At a meeting at which an election is to take place the presiding 
officer shall appoint a committee to collect and count the votes and 
report the names and the number of votes for each candidate, where- 
upon he shall announce the same to the meeting. 

3. A majority of the votes cast shall be necessary to an election. 

4. In the first organization under these By-Laws, the Executive 
Committee may be elected at an ordinary or special meeting. 

5. Vacancies in the committee occurring during the year may be 
filled by the Society at an ordinary meeting. 

6. The Secretary shall be elected by the Society, on nomination 
by the Executive Committee, at each annual meeting of the Society, 
or, in case of a vacancy during the session, at such other time as the 
Executive Committee may appoint ; and he shall be reeligible in the 
same way at the pleasure of the Society. 

7. The compensation of the Secretary shall be fixed from year to 
year by the Executive Committee with the concurrence of the Treas- 
urer of the Institute. 

Sect. VIII. — Committees of Arts. 

I. The Members of the Society of Arts may be enrolled in divi- 
sions, under the following heads, according to the taste or preference of 
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the individual ; each division to constitute a committee upon the sub- 
jects to which it appertains : 

(i) On Mineral Materials, Mining, and the Manufacture of Iron, 
Copper, and other Metals. 

(2) On Organic Materials — their culture and preparation. 

(3) On Tools and Implements. 

(4) On Machinery and Motive Powers. 

(5) On Textile Manufactures. 

(6) On Manufactures of Wood, Leather, Paper, India Rubber, and 
Gutta Percha. 

(7) On Pottery, Glass, Jewelry, and works in the Precious Metals. 

(8) On Chemical Products and Processes. 

(9) On Household Economy ; including Warming, Illumination, 
Water-Supply, Drainage, Ventilation, and the Preparation and Preser- 
vation of Food. 

(10) On Engineering, Architecture, and Ship-building. 

(11) On Commerce, Marine Navigation, and Inland Transporta- 
tion. 

(12) On Agriculture and Rural Affairs. 

(13) On the Graphic and Fine Arts. 

(14) On Ordnance, Firearms, and Military Equipments. 

(15) On Physical Apparatus. 

2. Any member may belong to more than one of the above-named 
Committees of Arts, but shall not at the same time be eligible as chair- 
man in more than one. 

3. It shall be competent for each Committee of Arts, of ten or 
more members entitled to vote, to organize ; to elect annually in Octo- 
ber, or whenever a vacancy shall occur, a chairman ; to appoint its own 
meetings ; and to frame its own By-Laws, provided the same do not 
conflict with the regulations of the Society of Arts. 

Sect. IX. — Amendment and Repeal. 

I. These By-Laws may be amended or repealed, or other pro- 
visions added, by a vote of three fourths of the members present at 
any regular meeting of the Society ; provided that such changes shall 
have been recommended and approved in accordance with the By-Laws 
of the Corporation (see extract from By-Laws of Corporation as 
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printed below) and presented in writing at a preceding meeting of 
the Society. 

2. These By-Laws shall take effect immediately after their ap- 
proval by the Corporation and adoption by the Society, and all previous 
By-Laws are hereby repealed. 

As amended December p, i8gy. 

Extract from the By-Laws of the Corporation. 

Sect. VL — There shall be a Committee on the Society of Arts 
consisting of five members, appointed at the annual meeting of thje 
Corporation, to hold office for one year, who shall have the general 
charge and supervision of the organization and proceedings of the 
Society, subject to the approval of the Corporation. It shall be their 
duty, in connection with a committee chosen by the Society, to frame 
By-Laws for the government of the Society, which shall take effect 
when adopted by the Society and approved by the Corporation. 

February^ i8g4. 
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Boston, October 11, 1900. 

The S42d regular meeting of the Society of Arts was held on 
this day at 8 p.m., in Room 22, Walker Building, Mr. George W. Blod- 
gett presiding. Two hundred and seventy-five persons were present. 
The records of the Annual Meeting for the year 1899- 1900 were 
read and approved. Messrs. C. B. Beasom and Franklin H. Davis, 
graduates of the Institute, were elected to Associate Membership. 
There being no further business, the Chairman introduced Mr. Louis 
Derr, Instructor in Physics at the Institute, who addressed the Soci- 
ety on " Color Photography '* 

The speaker referred to the well-known differences in the colors 
produced by the mixture of pigments and by the mixture of colored 
light. In the latter case the three primary sensations, or colors, are 
red, green, and violet, and by their proper combination the sensation 
of white or any known color may be produced. This forms the 
underlying principle of the Ives process for the reproduction of 
natural color effects. A lantern is provided with three sets of lenses, 
which transmit light respectively through three colored glasses, red, 
green, and blue-violet. By a suitable mechanical device the three col- 
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ored images overlap on the screen, and give a white image. Three 
negatives of an object are made through red, green, and blue-violet 
glasses respectively, and their corresponding positives formed. The 
positive obtained by the use of red glass is placed in front of the lens 
system which gives red light, and correspondingly for the other twa 
positions. Reflection will show that on the screen the original object 
should appear in the natural colors. Many beautiful slides were 
shown. The objections to the process are the mechanical difficulties 
in securing the correct color toning, and the cost and labor of obtain- 
ing satisfactory positives. The Ives Kromoskope was also explained. 

The second process described was one suggested by Professor Joly, 
of Dublin. It depends upon the theory of color mixtures, and the fact 
that the eye is unable to differentiate objects whose visual angle is less 
than I minute of arc. A plate of glass is ruled in succession with 
red, green, and blue-violet lines to the number of 80 each to the inch. 
An object is photographed through such a plate, the positive formed, 
and the latter is viewed throwgh the original test plate, using white 
light as the source of illumination. The Joly process is essentially 
the Ives process reduced to the formation of the three-colored posi- 
tives on one plate. 

McDonough, of Chicago, has succeeded in ruling plates with lOO 
sets of lines to the inch, thus securing a more perfect color reproduc- 
tion of the small details of an object. Certainly the Joly-McDonough 
process gives most satisfactory and true reproduction in color, if the 
slides which were shown are to serve as a criterion. 

The last view which was shown, was one taken by the Lippmann 
process. This process is most interesting, since it is based on the 
interference of light, and gives a *'true color photograph." By none 
of the processes is direct color printing possible. They merely offer 
a means of securing transparent positives in color. 

The thanks of the Society were extended to Mr. Derr for his most 
entertaining and instructive lecture. 



Boston, October 25, 1900. 

The S43d regular meeting of the Society of Arts was held on 
this day at 8 p.m., in the Rogers Building, Mr. Desmond FitzGcrald 
presiding. Seventy-two persons were present. The records of the 
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previous meeting were read and approved. The following were 
elected to Associate Membership : Dr. William H. Walker, Chemist ; 
Mr. E. M. Fisher, of the Associated Press ; Mr. H. P. Quick, with 
the Boston Elevated Railroad. 

At the conclusion of the business portion of the meeting. Profes- 
sor Wallace C. Sabine, of Harvard University, was introduced, and 
addressed the Society on ** Some Experiments in Architectural Acous- 
tics," limiting his remarks to those experiments which may be classi- 
fied under the head of "Reverberation." A synopsis of the lecture 
will not be given as Professor Sabine has kindly presented his mono- 
graph on Reverberation to the Society. 

As a piece of original research of unusual merit and value, the 
investigations on Architectural Acoustics, carried on by Professor 
Sabine during the last five years, are deserving of the highest com- 
mendation. For those present it was most interesting and instructive 
to learn of the earlier experiments, and to see how they led to more 
extensive and far-reaching investigations, ultimately resulting in a sat- 
isfactory and complete solution of the problem. 

The thanks of the Society were most heartily extended to Profes- 
sor Sabine for his valuable address. 



Boston, November 8, 1900. 

The 544th regular meeting of the Society of Arts was held on 
this day at the usual hour in the Walker Building. One hundred and 
thirty-five persons were present. 

The following gentlemen were elected to Associate Membership : 
Mr. Olof Ohlson, Assistant Superintendent of Waltham Watch Fac- 
tory ; Mr. S. W. Wilder, Jr., Manager of the Merrimac Chemical Com- 
pany ; Mr. Edgar M. Hawkins, Mechanical Engineer, and Mr. J. E. 
Woodwell, Inspector of Electric Lights, Treasury Department, Wash- 
ington. 

There being no further business, the Society was privileged to listen 
to a most interesting lecture by Dr. Henry S. Pritchett, President of 
the Institute of Technology and of the Society, on " America's Contri- / 
bution to our Knowledge of the Size and Figure of the Earth." The 
lecture had particular .reference to the magnificent work which has been 
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done by the United States Coast and Geodetic Survey on the measure- 
ment of an arc of the 39th jmrallel, extending from Cajx* May Light- 
house to Punta Arenas in California, a distance of 4,224 kilometers. 
These measurements were begun in 1871, at the suggestion of 
Professor Benjamin Peirce, and completed in 1898, during the admin- 
istration of Dr. Pritchett as Superintendent of the Coast and Geodetic 
Survey. 

The main discussion of the figure of the earth rests upon the meas- 
urements of three arcs of meridian ; one in Peru, one in Finland, and 
a third near the Cape of Good Hoi)e. The Peruvian arc, determined^ 
in 1735, has remained as a standard in all geodetic work. Owing to the 
demand for its accurate remeasurement, the French Government has 
arranged to send an expedition in the Spring, which will remeasure the 
old arc and extend its length. 

The 39th parallel was chosen by the United States Government as 
forming the longest line running east and west in the United States. 
The methods used in the base-line measurements,^ as well as the proce- 
dure of triangulation were carefully described. Reference was also made 
to the improvements which had been made in instruments for measuring 
latitude, longitude, and altitude with the requirements of the survey. 
It should not be forgotten that the measurements were made over 
mountain ranges, in most inaccessible regions, at great risk to life, and 
testify to the courage and perseverance of the men engaged in the 
undertaking. Their reward lies in the knowledge that this arc is the 
longest ever measured with accuracy on the earth's surface, and gives 
to the earth the same figure as that determined from smaller arcs meas- 
ured in Europe and Asia ; agreeing with the spheroid as calculated by 
Captain Clark in 1880. 

Besides the determination of the earth's figure, this arc of the 39th 
parallel is most valuable as a connecting link between the surveys of the 
Atlantic and Pacific Coasts, and, since it passes through sixteen states, 
serves as a sort of primary reference survey for all these states. 

The thanks of the Society were tendered to Dr. Pritchett by Pro- 
fessor Swain on behalf of the Society. 



* An article on An Improvement in the liase-Line Measuring Apparatus, by Professor 
A. E. liurton, with a description of a successful test of it by the United States Coast and 
Geodetic Survey, is in the hands of the Editor and will appear in the next issue of this 
journal. 
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Boston, Nuvember 22, 1900. 

The 545th regular meeting of the Society of Arts vvas held on 
this day in the Rogers Building, at 8 p.m.. Mr. George W. Blodgett pre- 
siding. Seventy-five persons were present. Messrs. Howard D. Ctiburn 
and Arthur G. Woodman were elected to Associate Membership. 

At the conclusion of ihn business part of the meeting, the speaker 
of the evening, Professor W. W. Crosby, Princijxil of the Lowell Tex- 
tile School, was introduced and spoke on "Applied Science in the 
Textile World." After a most interesting statement of the need and 
adrantagc of science as applied to industries of all kinds, the speaker 
referred lo the primitive methods used in the earlier textile industries, 
and compared them with the modern methods. The wonderfully ingen- 
ious machines for spinning and weaving, among them the card, mule, 
ordinary and Jacquard looms were explained. 

A short reference was made to the aim (jf the Lowell Textile 
School, and many slides were shown illustrative of the splendid equii> 
ment which the school possesses. 

The thanks t>f the Society were tendered the si>eaker, after which 
the meeting adjourned. 



BoKTON, December 13, 1900. 

The 546th regular meeting of the Society ni" Arts was held on 
this day at the Institute, Rogers Building, at 8 I'.M., Mr. James P. Mun- 
roe presiding. One hundred and fifteen persons were present. After the 
reading and adoption of the report of the previous meeting, Mr. Guy 
Lowell, Architect, addressed the Society on " Landscape Architecture 
in this Country." 

The history of landscape architecture dates back many years before 
the Christian era ; indeed, descriptions of Egjptian gardens as far back 
as 1 500 B.C. are mentioned in hieroglyphics. The art of gardening con- 
tinued during the Roman Empire, but gradually died out. During the 
Renaissance, an awakening took place which has grown in its influence, 
especially since the beginning of the Seventeenth Century, when the 
Italian gardens became so famous. These gardens were laid out with 
geometrical regularity, adorned with statuary, native plants and trees. 
The terraces were their chief characteristics. 
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The French gardens were similar to the Italian gardens in the formal- 
ity of lines and geometrical curves. During the reign of Louis XIV, 
some of the most famous gardens of France were constructed. These 
were usually free from terraces, but remarkable for long vistas, and pro- 
fusion of arches, fountains, and grottoes. 

With the spread of gardens through Europe, the " Formal " style 
of the ancients gradually yielded to conditions of climate and vegeta- 
tion. In England, Kent abandoned the steep terraces and straight 
lines, substituting flowing lines, slopes, pleasing curves, Irregularity in 
the arrangement of trees and shrubs. 

The speaker emphasized that specific rules cannot be laid down in 
landscape architecture ; the climate, character of land, and architecture 
must dominate the style. In this country the " Formal " gardens will 
doubtless be supplanted by gardens in which the wonderful richness and 
beauty of nature will be seen in all its glory. Untrimmed trees and flow- 
ering shrubs will be the principal features. 

The thanks of the Society were extended to the speaker. 

George V. Wendell, Secretary. 
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THE ECLIPSE EXPEDITION OF THE CREIGHTOM UNI- 
VERSITY TO WASHINGTON, GEORGIA. 

By WILLIAM F. RIGGE. S.J, 

Creighton University has contributed its share towards the scien- 
tific tibservation of the total solar eclipse of May 28, 1900, so far as 
its means and circumstances permitted. As this great event occurred 
toward the end of the college year when its professors were unusually 
occupied with class duties and examinations, the Professor of Aslnin- 
omy, the writer of the present account, was the only one who could 
be devoted to the work. Having invited the Professors of Astronomy 
of sister colleges to participate in the noble cause, Rev. Charles Char- 
roppin, SJ., and Professor Aloysius Frumveller, S.J., of St. Louis Uni- 
versity, St. Louis, Missouri, and Professor William P. Quinlan, S.J., 
of St, Xavier College, Cincinnati. Ohio, recognizing Creighton's initia- 
tive and its judicious selection of the site, freely offered a hearty cooper- 
ation. Washington, Georgia, was chosen as the place of observation, 
and the elegant little pastoral cottage attached to the St. Joseph's 
Academy and Orphanage, the occupant of which had just died in a 
hospital in Baltimore, was placed at our entire disposal, and every facO- 
ity was offered for our work. 

The observatory of Creighton University, at Omaha, Nebraska, 
while surpassed but by few students' observatories in the country, is 
not equippe<l with special eclipse instruments. Its 5-inch Steward equa- 
torial, its 3-inch Fauth transit and meridian circle reading to tenths of 
a second, with its chronograph and its Howard mean time and Fauth 
sidereal clocks, are not portable, and as time and means were limited, 
their transportation and remounting were out of the question. The 
writer therefore had to content himself with an excellent chronometer 
and a 3-Lnch telescope with a tri]K)d and an ordinary altazimuth mount- 
But with this comparatively meager instrumental outfit, he was 
to do his best. To do work of real service to astronomical 
_ 5, he further restricted himself exciu-sively to the observation of 

the four contacts. Then, as a professor of astronomy, he devoted the 
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rest of his ener^* to the usual observation of the corona and other 
phenomena of the eclipse. The other members *>f the jxirty had 
mounted six cameras uix)n one supj>ort. and were intent upon the 
photographic repnKluction of the corona. 

Station. 

Up<m the grounds of the St. Joseph's Orphanage and Academy at 
the western end of Washington, (ieorgia, there are four main buildings 
connected by a private walk. Of these the Orphanage is at the north- 
ern end, the little cottage which served as our headquarters is next, then 
comes the Catholic church, and lastly the Academy at the southern end. 
While the rest of my jxirty had erected their cameras in front, or east 
of the cottage, I to(^k up my station on the walk halfway between the 
church and the residence, where, as I had planned, I was absolutely 
alone and entirely unbiased by the doings of others. Afterwards, when 
I realized that my obser\'ations were better than I had anticipated, I en- 
gaged Mr. Wiley G. Tatom, the Surveyor of Wilkes County, to connect 
my station with that of the Massachusetts Institute of Technology at 
the southern end of the town. Under date of June 22, 1900, he sent 
me the following field notes : 
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The departures and differences of latitude are as follows, the dis- 
tances bejng expressed in feet : 
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According to the Smithsonian Geographical Tables, 1894, these dis- 
tances are equivalent to 23.7" and 2.7 u. respectively. Hence 

Latitudr. Longitude. 

Massachusetts Institute of Technology 33*^ 43' 49" Ik. 30w. 56.2j. 

Reduction -f 23.'7 -f 2 7^ 

Creighton University 33° 44' 13" Ih, 20m. 589.. 

• The Station of the Massachusetts Institute of Technology was there- 
fore 4,i8o feet S. 55° 7' E. of that of the Creighton University. 



The Method of Observation. 

The internal contacts were observed with the naked eye. The 
external contacts were observed by projecting the sun's image upon a 
white screen secured by two light wooden rods beyond the eye-piece of 
the 3-inch telescope (see Figure i). I prefer this way of observing the 
sun to the more usual direct-vision method by means of a sunshade or 
helioscope, because the projection method does away with the heat and 
glare of the sun, admits of the use of both eyes and of any desirable 
magnifying power, is equal, if not superior in accuracy of observation, 
and especially because it enables the observer to mark the point of first 
contact upon the screen and thus obtain the advantages of a position 
micrometer from a telescope of the most ordinary construction and 
mounting. 

The Chronometer. 

The chronometer was the box chronometer without its box, H. H. 
Heinrich, No. 502, beating half seconds. It kept central, or 90th me- 
ridian, time. The correction and rate were obtained from the 75th 
meridian noon signals at the railroad depot, which was at about a five 
minutes' walk from our cottage. As the signals were less than a tenth 
of a second in error, being 0.04.?. late on May 26, and 0.02^. fast on 
May 28, their correction has been neglected. The chronometer cor- 
rections were as follows : 

May 26, 1900 -hi'''. 1.2j. 

May 28, 1900 -f 47.0 

Hence the rate was 7.1s. a day gaining, or 0.3^*. in one hour. 
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THE TIMES OF THE CONTACTS. 





I. 


II. 


III. 


IV. 


Chronometer face .... 
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40 500 


7 42 16.0 
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Comparison of Computed and Observed Times. 

In preparation for the eclipse, the erroneous values of 33"^ 40' 46" 
for the latitude, and 5//. 30;;/. 49.5.?, for the longitude, as measured from 
the government eclipse map, had been used. As soon as the true co- 
ordinates of my position became known to me, I recomputed the times 
of the phases and obtained the following results : 
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Comparison of Times as Observed by Creighton University and 
Massachusetts Institute of Technology Parties. 

A very interesting and useful part of the observations of the con- 
tacts in an eclipse is the comparison of the times as observed by 
different parties. It was only on November 23, 1900, that a reprint 
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from the Technology Quarterly, Vol. XIII, No. 3, September, 1900, 
containing the account of the " Eclipse Expedition of the Massachusetts 
Institute of Technology to Washington, Georgia," came into my hands. 
It had been kindly sent to me by Mr. G. L. Hosmer. As soon as I saw 
the observed times of the phases, I set to work at once to compare them 
with my own. For this purpose a reduction had to be computed which 
would make the observations at both stations comimrable with one 
another. As this Computation involved a considerable amount of labor, 
I thought a somewhat extended explanation of my method would be 
acceptable to the readers of this journal. I shall try to be brief without 
being obscure. 

Reduction of the Times of the Exterior Contacts. 

For the external contacts sufficient accuracy is secured by measur- 
ing the direction of the tangent to the moon's penumbra as given for 
every two-and-a-half minutes for the beginning, and every five minutes 
for the end of the eclipse, on the government map in the supplement to 
the American Ephcmeris, 1900, and then supposing the direction of 
the penumbral motion to be at right angles to this tangent. The veloc- 
ity was obtained by measuring the number of miles run in a minute, or 
the number of feet run in a second, on either side of Washington on 
the map. This gave the following results : 

Penumbral front moved 3,942 feet a second from .S. 14^ W. 
Penumbral rear moved 2,587 feet a second from S. 53^ W. 

Figure 2 represents the comparative location of the two observing 
stations and the direction of motion of the moon's penumbra at the 
external contacts. It will be seen that the first contact occurred 0.38.?. 
sooner, and the fourth contact 0.50J. later, at the Massachusetts Insti- 
tute of Technology station than at the Creighton University station. 
Hence the correction to the observed M. I. T. (Massachusetts Institute 
of Technolog)^) times is + 0.4^. and — 0.55-. respectively, to reduce 
them to the C. U. (Creighton University) station. 

Reduction of the Times of the Interior Contacts. 

There are, in general, two kinds of solutions, according as the 
Fundamental Plane or the Washington Horizontal Plane is taken as 
the basis of computation. 
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Fig. 2. — Comparative Location of thk Eclipse Stations. 



/. The Fundamental Plane, — The Fundamental Plane is the 
plane, at right angles to the sun's rays, passing through Washington or 
the centre of the earth.^ Figure 3 represents the shadow circle upon 
this plane with its radius equal to 0.00543 at the assumed instant of 
Greenwich time, i//. 41.6;//., or 7A. 41;;/. 36.OJ., a.m., Central time. O is 
the centre of this circle, C is the position of the Creighton University 
station, M that of the Massachusetts Institute of Technology, G H and 
P Q are the shadow chords which swept over the stations with F and K 
as their middle points. The little dot close to the centre of the shadow 
circle is the position of Washington as given on the eclipse map. The 
radii marked a^ b^ a\ b\ in parentheses, will be referred to afterwards. 
The numerical values of some of the quantities for both stations are as 
follows, the notation of the American Ephemeris being used through- 
out : 



' This is not, strictly speaking, the Besselian Fundamental Plane used in the computation 
of eclipses, since the latter is normal to the line joining the centres of the sun and moon 
instead of the centres of the sun and earthy but as the angle between these two planes 
was only 6.6^' at mid-totality, the difference between them is too small to affect my present 
purpose. 
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Fig. 3. — The Shadow Circle upon thk Fundamental Plane. 
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The remaining quantities and the reductions will be given later on. 

//. The Washington Horizontal Plane. — i. Upon this plane the 
outline of the moon's shadow is an ellipse. The semi-minor axis, by on 
Figure 4, is the same as the radius of the shadow circle on the Funda- 
mental Plane (^), on Figure 3, and equal to 0.00543 in terms of the 
earth's equatorial radius a$ unity, or 21.560 miles. The semi-major 
axis = a =^ b sec f = 34.245 miles, f being the sun's zenith distance. 
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The local azimuth of this major axis is exidently that of the sun 
N. 88° 31' 54" E. The direction of motion, a, of the shadow ellipse 
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X 



with reference to the sun's azimuth, may be found from the formula 

tan a = cos f tan ^, 

in which 6 = 180'' — (A''+ q) = 40" 25' 44" (see Figure 3^ is the 
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angle between the direction of motion of the shadow on the Funda- 
mental Plane with reference to the sun, N is the Ephemeris ^V, and q is 
the sun's local parallactic angle. This gives the azimuth of the shadow 
advance = S. 60° 19' 24" W. 

The diameter of the ellipse, 2a\ which lies in the direction of its 
motion upon the ground, has evidently for its conjugate the line of mid- 
totality, 2^ . As these diameters of the ellipse are brought up from the 
Fundamental Plane* where they are at right angles to one another (see 
Figure 3, where they are marked in parentheses), we find their constants 
to be a! -=■ b sin d cosec a = 29.5 12 miles, 

b = b cos cosec a' = 27.614 miles, 
the angle between them = 7 = 115° 19' 37", 
in inclination of rt' to ^ = a = 28° 12' 30", 
and of b' toa=0= 143° 32' 7". 

The velocity of the shadow, z/, is 2a' divided by the duration of 

a' 
totality upon the central line, that is, t^ = = 0.67413 mile or 

43*^^'^* 

3,559 feet a second. 

As all right lines parallel to a' and b^ are projected from the Funda- 
mental upon the Horizontal Plane in corresponding ratios, we find 
OF = b^ sin yjr = 5.660 miles. Then the bearing and distance of C, 
the Creighton University Station, from (?, the centre of the shadow at 
the assumed moment, i//. 41;//. 36.OJ., Greenwich time, together with 
the length and bearing of OF, determine the triangle FOC, from which 
we find FC= 2.6563 miles which are run by the shadow in 3.94J. 
This, therefore, is the correction to the assumed time of mid-totality. 
GF= a' cos yjr = 28.952 miles, and is run in 42.948^., thus giving the 
instants of the beginning and end of totality at the Creighton station. 

In investigating the position of the Massachusetts Institute of Tech- 
nology station, we find the line CAf practically parallel to FO, .the 
divergence being only 0° 6' 25", showing that the moments of mid- 
totality were identical at both stations. The distance of Af from C 
being subtracted from FO and yielding KO, the equation of the ellipse 
gives us PK = 29.117 miles run in 43.193^. The further results will 
be seen later. 

In this method, as well as in all the others, the dimensions, velocity 
and direction of the shadow ellipse may be assumed to remain constant 
for one minute without introducing any sensible error into the com- 
putation. 
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2. Another method of examining the instantaneous constants of 
the shadow ellipse is to determine the lengths and inclinations of the 
conjugate diameters from the formulae 



tan a tan /S = — 



a^ 



/j'2 4. *'2 ^ /j2 + ^, 
a! V sin 7 = ab. 
These give a! = 29.62 miles, 

*' = 27.58 miles, 
a =28° 12' 30", 
/S=i43" 32' 7", 
7 = 115° 19' 37'', 

V =0.67504 mile, or 3,564 feet a second, in 
which the angles are the same as in the previous method, but the lengths 
of the lines are slightly different. 

From the known length of CO and the angles in the triangle FOC, 
we find /^C= 2.6758 miles run in 3.964J., and (9/^=5.7015 miles. 
The formula of the ellipse then gives /^(7 = 28.980 miles run in42.932j. 
Knowing the distance and bearing of i!/from C, we find the difference 
of the times of mid-totality to be 0.0024J. Then the usual equation of 
the ellipse gives Ar/^= 29.144 miles run in 43.174J. 

3. A third method consists in measuring the necessary data from 
the government eclipse map. The distance between the mid-totality 
lines gives the velocity of the shadow equal to 42.2 miles per minute, or 
3,712 feet per second, and its direction as from S 60° W. As the 
duration of totality, on the central line was here iw. 27.8^^., the semi- 
major axis of the shadow ellipse was found to he = a' = 30.25 miles. 
By measurement parallel to the mid-totality lines, the conjugate semi- 
minor axis was found to be = b' = 26.75 miles, and the angle between 
the axes = 7=111** 30'. With these data, the formulae 

a^ d' sin 7 = ai, 
a'2 ^ yi = ^2 _^ ^, 
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— b'"^ 



cos a =■ 



X 



a 



i8 



William F. Rigge. 



gave rt = 33.60 miles, 

fi = 22.42 miles, 
a = 25° 30', 
l3= 137^0'. 
4. By using the sun's azimuth and the formula 

tan a = cos f tan 0, 
we find a =^ 28° 23' 44", 

/S= 143° 19' 10", 
7= 114° SS'26", 
^' = 33-97 miles, 
d = 21.56, 
a' = 29.34, 

*' = 27.53. 
The further reduction of the results in these two last cases is by the 

same method as in the second solution. But as measurements on a map 

cannot compete in accuracy with computed values, no use has been made 

of these results except as checks upon the computation. 



COMPARISON OF THE RESULTS OF THE METHODS OF REDUCTION. 



Assumed Central Time of Mid 
totality. 7A. 41m 

Time to run FC and ArAf= -f /j 

Mid- totality. 7 A. 41 wi. . . . 

Time to run FG and /'A'= ± /i 

Beginning of totality. 7 A. 40m. . 

End of totality. 7 A. 42m. . . 

Reduction of I j Beginning 

M. I. T. to C. U. ) I End . 

Duration of totality 

Difference 



Cbbighton Univbrsity. 



Fund. 
Plane. 



36 00 



4.04 
40 04 
42.95 
57.09 
22.99 



Horizontal Plane. 



36 00 

3.94 i 
39.<H 
42.95 
56.99 
22.89 
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2. 



36.00 



3.96 
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42.93 
57 03 
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85.86 



Massachusbtts Institutb of 
Technology. 



Fund. 
Plane. 




36.00 



3.87 

39.87 

43.15 

.S6 72 

23.02 

4-0 37 
—0.03 

86.30 
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Horizontal Plane. 



3600 



3.94 
39.94 
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56.75 
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+0.24 
-0.24 



2. 



36.00 



3.96 

39.96 

43.17 

56.79 

23 13 

4-0 24 
—0.24 



86.38 86.34 
-0 48 I —0.48 
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As the American Ephemeris gives its data only to five decimal 
places, differences of tenths of a second in the reduction can hardly 
be relied upon. However, giving the reductions computed upon the 
F*undamental Plane half the weight of either of those obtained from 
the Horizontal Plane, we find that we must add + o.y. and — 0.2^. to 
the obser\'ed times at the Massachusetts Institute of Technology station 
in order to reduce them to those observed at the Creighton University 
station, and hence for all four contacts the reductions are 



I. 

-f-0.4x. 



II. 
+ 03. 



III. 
-0.2f. 



IV. 
— 0.5 J. 



The Observations of the Contacts made by the Massachusetts 
Institute of Technology Reduced to the Creighton 

University Station. 

The Technology Quarterly quoted above (September, 1900), on 
jxiges 171 and 172, gives the times of the contacts as observed by 
Mr. Hosmer and Professor Robbins. As these are expressed in Wash- 
ington local mean time, we add to them the Greenwich longitude of the 
place, 5//. 30;//. 56. 25'., and then subtract 6//. oin. Oi"., in order to reduce 
them to Central time, and lastly add also the above-computed reductions 
in order to reduce them to the Creighton University station. The 
results are then as follows : 



Gborgb L. Hosmer. 
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Abthuk G. Robbins. 



Washington time . . 
Greenwich longitude . 
Red. to Central time . 
Red. to C. U. Station . 



Central time at C. U. Station 
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GENERAL COMPARISON OF COMPUTED AND OBSERVED TIMES. 
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THAT TAKE PLACE TN THE BACTERIAL 
CO.VTE.VTS OF WATERS DURING TRANSPORTA- 
TION. 

By GEORGE C. WHIPPLE. 

Bacterkiloiiists are agreed that in order to obtain the most 
I accurate determination of the number of bacteria in a sample of 
I water the plating should be done at the time of collection. It was 
early observed that if this were delayed the resulting count would be 
I different from that obtained by immediate plating. Unless the sample 
I Tiras kept on ice or in a cool place, the number of bacteria generally in- 
creased on standing, the increase in 34 hours being sometimes several 
hundred per cent. Even when kept on ice the number of bacteria 
' did not remain constant, but sometimes increased, and occasionally 
decreased. In the vast majority of cases in actual practice immediate 
plating is an impossibility. A knowledge of the changes that take 
place in the bacterial contents of waters when kept for various lengths 
of time under different conditions is, therefore, a matter of great im- 
portance, and in view of its importance, the experimental evidence 
upon the subject is surprisingly meager. 

Dr. E. O. Jordan^ and Mr. E. E. Irons have pointed out that when 
tuples of water arc stored in ice, the number of bacteria sometimes 
lecreases and sometimes increases during the first two days after col- 
rlection, and that this can be explained, in part at least, by the initial 
I temperature of the water. During the summer the change from the 
I initial temperature of surface waters to the temperature of the ice box 
I is ordinarily considerable, and the shock produced by the sudden cool- 
ing causes a reduction of vitality, or possibly death, to some of the 
bacteria present, while during the winter this change in temperature 
is less marked. 

In general, the observations of the author tend to corroborate 
L these statements, but experiments seem to show that many other 
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factors enter into the problem. For example, it has been found 
that whether the sample is stored in ice or at room temperature, 
the number of bacteria first diminishes and later increases. This is 



illustrated in the following table : 



San 


.^1^ 




Initial temper- 
ature. 


Temperature 
of incubatioa 
of sample. 




NUMBKI 
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7.6° C. 


17.0° C. 
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27.000 


B 






76^ 


17.0° 
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10.850 


C 






7.6^ 


' 12 5° 
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2,790 


D 






7.6° 


12.5° 


260 
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245 
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E 






7.6° 


2.4^ 


260 
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675 


1.980 


F 






7.6° 


2.4° 
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560 


1,980 


G . 






110° 


12.8° 


77 


55 


5S 
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10 250 


H 






11.0° 


12.8° 


77 


53 


74 


87 


2175 


I 






110° 


23.6° 


77 


51 


52 


11,000 


41,400 


J . 






67° 


20.0° 


430 


375 


245 


• • • 


385.000^ 


K 






6.7° 


20.0^ 


430 


345 


405 


• • • • 


75a000' 


L 






23.2° 


23.0° 


510 


340 


230 


8.000 


20.000 


M 






23 2° 


2.5° 


525 


300 


220 


380 


2.200 



' 0.0005 per cent, peptone added to the water. 

In order to determine whether this reduction was due to the 
death or to the reduced vitality of the bacteria present, whether to 
the aggregation of the bacteria, or to their attachment to the sides 
and bottom of the sample bottle, the following experiments were 
made. Fifty cubic centimeters of tap water were put into a 2-ounce 
chemical salt-mouth bottle, and allowed to stand in the 20° incubator 
for 3 hours. The water originally contained 99 bacteria per c.c, this 
figure being the average of 5 plates. At the end of 3 hours the bottle 
was thoroughly shaken and 2 plates made, the resulting counts being 
84 and ^y. The water was then poured out, the bottle drained, and 
50 c.c. of sterile distilled water added. After shaking, 2 plates were 
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made as before, the counts being i and 2 respectively. The distilled 
water was then poured out, leaving behind only those bacteria that 
had become attached to the glass ; 10 c.c. of standard nutrient gelatin 
were then put in the bottle and a roll-culture made. The number of 
colonies that developed was 84, or approximately 1.5 for each cubic 
centimeter of water. At the end of three hours, therefore, the 

sample contained Ji-J~.--Z -f- ' " = 8y per c.c, or 12 per c.c. less 

2 2 

than the original number. A second sample collected at the same 

time was kept 6 hours in the incubator, and treated in a similar 

manner. At the end of this period the water contained 56 bacteria 

per c.c, and 118 were obtained by the roll-culture, equal to more than 

2 per c.c. of the original water. A second experiment of the same 

kind gave the following results : 



Xuml^er of bacteria at time of collection . . . 

Xumher of bacteria after 5 hours 

Number of bacteria after 24 hours 

Number* of bacteria in distilled water used for 
washing 

Number of bacteria in bottle, by roll culture . . 



Sample A. 


Sample H. 


255 • 


275 


225 


220 


1 


1 


365 


2% 



Sample C. Sample D 



330 



230 



280 



25.000 30.0{X) 



270 



37.000 30,000 



These experiments indicate that the decrease in the number of 
bacteria immediately after collection cannot be explained by loss from 
precipitation upon the glass, but they also indicate that the error 
introduced by this cause may be important if the sample is allowed 
to stand for a considerable time. 

There seemed to be a possibility that the decrease in number 
might be due to the aggregation of the bacteria upon standing with 
consequent reduction in the number of colonies. The following ex- 
periment apparently disproves this. Two samples of tap water were 
collected in 2-ounce bottles, and incubated for 3 hours at the initial 
temperature, 22*^ C. Bottle A was almost full ; bottle B was about 
one-third full. From each of these bottles duplicate samples were 
withdrawn after giving ten gentle shakes, and again after shaking 
vigorously two hundred times. 
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Sample. 



A. Shaken ten times 



A. Shaken two hundred times 



B. Shaken ten times 



B. Shaken two hundred times 



NUMBSK OP 


Bacteria 


Pbr c.c. 


InitUL 


After 3 hours. 


590 






380 


5S0 






360 


645 






370 


610 






390 



The decrease in the number of bacteria after collection in small 
bottles seems, therefore, to be due to the effect of changed environ- 
ment upon the bacteria. It has been observed that when a sample 
is kept at its initial temperature, the change in the bacterial contents 
is less than when kept at a different temperature. It has been also 
noticed that this change was somewhat greater in samples 'taken from 
service taps where the bacteria had been under pressure, than in 
samples taken from the surface of a reservoir. Further, it is a mat- 
ter of common observation that samples plated at the time of col- 
lection show a greater number of different species than the same 
samples plated 24 hours after collection. 

The character of the bottle has an effect upon the rapidity of 
growth of bacteria. This fact was observed by the author several 
years ago, but its importance was not appreciated until the following 
experiments were made. 

Tap water was collected in four bottles and incubated for 72 hours 
at 18°. The initial temperature of the water was 12.5° C. Sample A 
was collected in a 2-quart glass-stoppered sterilized bottle, and the 
bottle .was completely filled, leaving no air space. Sample B was 
collected in a similar bottle which was but half filled. Sample C 
was taken in a 2-ounce chemical salt-mouth bottle completely filled, 
and sample Z> in a 2-ounce bottle half filled. Duplicate plates were 
made from each bottle at intervals with the following results : 



Sample. 




A. 2-quart bottle, completely filled 

B. 2-quart bottle, half filled . . 

C. 2-ounce bottle, completely filled 
1). 2-ounce bottle, half filled . . 



NUMBBR OK UaCTBRIA PbR C.C. 



99 
99 
99 
99 



85 
90 

• • • 

285 



After 
48 hours. 



161 

570 

• • • 

850 



After 

72 hours. 

195 

705 

6,450 

125,000 



•.lAa 
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A second experiment made in the same way except that the water 
samples were incubated at 37° instead of at 18° C, gave the following 
results : 



Samfla. 



A. 2-quart bottle, completely filled 

B. 2 quart bottle, half filled . . . 

C. 2-ounce bottle, completely filled 

D. 2-ounce bottle, half filled . . 



NUMBBB OF BaCTRRIA PeK C.C. 



Initial. 


After 24 hours. 


160 


1,900 


160 


2,800 


160 


68,000 


160 


72000 



In the third experiment bottles of various sizes were used, and 
the incubation was made at 13*^ and at 24° C, these being the aver- 
ages of the observed temperatures. In order that the temperatures 
should be the same for each series, the bottles were kept in tanks 
filled with water, the necks of the bottles projecting above the water. 
In all cases the bottles were half full. The results are given in the 
following table. 





Bottle. 


Temperature 

of 

incubation. 




NUMBRR OF BaCTBRIA PbB 


C.C. 




Sample. 


Initial I 


After 
3 hours. 


After 
6 hours. 


After 
12 hours. 


After 
24 hours. 

42 


After 
48 hours. 


A. 


1- gallon . . 


13° 


it 


63 


65 , 


47 


175 


B. 


2 quart . . 


13° 




59 


63 


60 


45 


690 


C. 


1- quart . . 


13° 




63 


63 


47 


46 


325 


D. 


1-pint . . . 


13° 




57 


61 


36 


38 


630 


E. 


2-ounce . . 


13° 




55 


58 


47 


101 


10.250 


F. 


1- gallon . . 


24° 




81 


97 


275 


290 


300 


G. 


2-quart . . 


24° 




92 


59 


62 


180 


250 


H. 


1- quart . . 


24° 




84 




46 


340 


900 


I. 


1 pint . . . 


24° 




51 


46 


100 


2.950 


7.020 


J. 


2 ounce . . 


24° 


il 


51 


52 


H.';. 


11,000 

1 


41,400 

1 



* Average of five plates. 
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A comparison was then made between the growth In 2-ounce 
bottles and in 250 c.c. flasks plugged with cotton, the samples being 
incubated at three different temperatures. 



B 

V3 



Receptacle. 



s o 

e 3 

V"* 

H 



A. , 250 c.c. flask, filled to neck 

I 

6. 250 c.c. flask, half filled 



C. 
D. 

E. 
F. 
G. 
H. 

I. 

J. 
K. 

L. 



2-ounce bottle, completely filled 
2-ounce bottle, half filled . . 

250 c.c. fiask, filled to neck . . 
250 c.c. fiask, half filled . . . 
2-ounce bottle, completely filled 
2-ounce bottle, half filled . . 

250 c.c. flask filled to neck . . 
250 c.c. fiask, half filled . . 
2-ounce bottle, completely filled 
2-ounce bottle, half filled . . 



2.5° 
2.5° 
2.5° 
2.5° 

12.5° 
12.5° 
12.5° 
12 5° I 

17.0° 

17.0° ; 

17.0° ' 
17.0^ 



NUMBBR OF BaCTBKIA PbS CC 



• 

3 


ij 

•0 


260 


235 


260 


285 


260 


243 


260 


275 


260 


270 


260 


295 


260 


270 


260 


2S5 


260 


245 


260 


255 






* 


wC 


V S 


« 3 


•£ 
<•*= 


£ 

<- 




s 



260 
260 



215 

258 



270 
295 
210 

255 

I 

231 i 

I 

280 

245 
260 

255 
290 
230 
258 



560 
490 
675 
595 

600 
705 
710 



1.980 

2.070 

1,980 

12600 

2,790 
1.890 
1,800 



670 18,000 



720 

1,510 

900 



10.850 



27,000 



1,800 37.800 



' Average of five plates. 



Comparisons were next made in bottles of one size containing 
different amounts of water. The bottles had a capacity of 120 c.c. 
In this experiment 0.0005 per cent, of peptone was added to hasten 
the growth. The incubation was made at a temperature of 19.5° C. 



The following results were obtained : 



rm 1 


1 

Amount of water in 
cubic centimeters. 

1 


Depth of water in 
centimeters. 

15.0 


NUMBBB OF BaCTBBIA PbR CC. 


Sample. 


Initul. 


After 36 hours. 


A. 


120' 


430^ 


385,000 


B. 


100 


12.5 


430 


510,000 


c. 


50 

• 


6.3 


430 


559.000 


D. 


20 


25 


430 


6^6,000 



> Bottle full. 



^ Average of five plates. 



Changes in the Baelcrial Contents of Waters. 27 

These experiments seem to justify the following conclusions : 
After the collection of a sample in either a large or a small bottle, 
there is a slight reduction in the number of colonies that can be ob- 
tained upon the gelatin plate, due apparently to the effect of changed 
environment upon the bacteria present. This reduction is perhaps 
somewhat greater when a small volume of water is collected, as its 
temperature change is naturally more rapid. The subsequent growth 
takes place more rapidly in a small bottle than in a large bottle, and 
more rapidly when the bottle is but partially filled than when it is 
■completely full. With bottles of the same size the growth is more 
rapid in small volumes of water than in large volumes. The expla- 
nation of this is not wholly clear, but undoubtedly the supply of 
oxygen is an important factor, and it is probably the controlling 
factor. 

These results have a practical bearing upon the procedure of the 
water analyst. They show first the great advantage of plating imme- 
diately after collection. They show that bottles larger than the cus- 
tomary 2-ounce salt-mouths should be used if the samples are to be 
kept long before plating, and that the bottles should be filled almost 
full. (It is necessary to leave a small amount of air space for expan- 
sion or contraction due to temperature changes.) But they also show 
that if the plating is made within a few hours of collection, the char- 
acter of the bottle is practically immaterial, provided of course, that 
it is perfectly clean and sterilized. 

During transportation, samples of water are usually subjected to 
more or less jolting, and the water is therefore kept in a state of agi- 
tation. In order to determine what effect gentle agitation has upon 
bacteria, the following experiment was made : 

A 250 c.C. sterilized flask was partially filled with the sample and 
floated near the surface of water in a beaker. The water in the 
beaker was then kept in a state of commotion by blowing in air from 
a Richards pump. The rising bubbles caused the flask to bob about 
in a lively manner, keeping its contents continually in motion. The 
I apparatus was placed in the incubator, the air tube being passed 
through one of the ventilating holes. A second flask that contained 
an equal amount of the sample was put in a second beaker and kept 
by the side of the first in order that temperature conditions might be 
the same. This flask was kept quiet. The incubator maintained an 
average temperature of 30°, and the atmosphere was saturated with 
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moisture. The initial temperature of the sample was 9.0° C. At 
intervals duplicate plate cultures were made from the two flasks. The 
following were the results : 



Sample. 


1 
1 


NUMBBR 


or Bacteria Pbk c.c 




1 

Initial. 


( 

1 

After 2 hours. 

1 


After 18 hours. 


After a4 hours. 


After 4a hoars. 


Quiet flask . . . 
Agitated flask . . 


225 
212 


; 1 

' 193 
186 


365 
340 


445 

385 


1,690 
1.120 



1 

A duplicate experiment gave similar figures. The temperature of 
the incubator was 23.5° C. 



Sample. 



Number op Bacteria Per c.c. 



Initial. 



Quiet flask 
Agitated flask 



141 
141 



After s hours. 



190 
146 



After 48 hours. 

5.000 
3.100 



The experiment was then modified by putting the samples into 
sterilized, wide-mouthed, 2'Ounce bottles and blowing air into one of 
them. The air from a Richards pump was made to pass through a 
double cotton filter and through a sterilized rubber tube connected 
with a glass tube that entered the bottle. A T connection permit- 
ted a part of the air to be passed into a third bottle filled with ster- 
ilized distilled water, and run as a blank to determine whether the air 
carried any bacteria into the sample. The flow of air into the bottle 
ythat contained the sample was regulated so that about two bubbles 
per second rose in the water. The apparatus was placed in the incu- 
bator where the average temperature was 23.0° C. The following 
results were obtained : 



Sample. 



Number op Bacteria Per cc. 



Initial. 



After 4 hours. ' After 20 hours. 



Quiet sample . . . 
Aerated sample . . 
Aerated blank sample 



240 

24<) 





235 
225 



1.2.50 
625 
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In order to determine the effect of more violent shaking, a sample 
of water in a 2-ounce bottle packed in a tin box was attached to the 
piston rod of a pumping engine, while a duplicate sample was kept 
quiet near by. Both bottles were but partially filled. The engine 
was pumping at the rate of 60 strokes per minute, and the length 
of the stroke was about 2 feet. The temperature of the room varied 
from 21.0° to 26.0° C. 





Number of Bactrria Pbr c.c. 


Sample. 


InitUI. 


After 18 hours. 


Quiet bottle 


200 
200 


8,000 


Bottle shaken on the engine 


140 



A second experiment was made in a similar manner, but 0.0 1 per 
cent, of pepton was added to the water to hasten the development of 
the bacteria. 



Sample. 



Quiet bottle 

Bottle shaken on the engine 



Number of Bacteria Per c.c. 



Initial. 



78 
70 



After 18 hours. 

1.900.000 
342,(X)0 



These experiments show that agitation exercises a retarding influ- 
ence upon the multiplication of bacteria, but that the slight shaking 
that water samples are liable to receive for a few hours during trans- 
mission is practically of little importance in its effect upon quantita- 
tive determinations of the bacterial contents. 
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THE PRIiCISIOX OF THE SLIDE RJl.E, 

IJy LOUIS DERk, S.lJ., MA. 

As employed in engineerinjjj calculations, the ordinary lo-inch slide 
rule is commonly considered accurate to one-half of i per cent., and 
for work of greater precision some other method of computation is 
thought essential. Repeated trials, however, have brought to the 
writer the conviction that this limit is too low. With care a good 
rule will give much more accurate results. 

In support of this contention the following example is adduced. 
The data were laboratory observations of four variable quantities, 
^, ^, f, dy and fifteen sets of observations were taken. It was required 
to compute the products ab and r//, and the ratios ab : cd for each set. 
These were worked out on the different scales of a lo-inch and a 
20-inch slide rule, and the results compared with those obtained by 
using two many-figure calculating machines of different patterns. The 
quantity ^7 had four significant figures, b and c three, and ^/either three 
or four. The computation by logarithms would therefore be made 
with a four-place table. 

When simi)le products or (jur)tients are desired, the lower scales 
of the slide rule are naturally used for greater accuracy; but when 
a comj)oun(l fraction of the form abc . . . . /<//*. . is to be evaluated, the 
upi)er .scales are generally more convenient. This is because the slide 
must often be shifted through its whole length when the lower scales 
are used, even though the secjuencc: of operations is carried out to the 
best advantage. If interme(Ii:ite j)ro(iucts are desired, it is usually 
necessary to compute them separately, and if the remainder of the 
calculation is obtaine<l from these values, the additional uncertainties 
of reading and resetting ;iffeet the result much more than if the com- 
putation were carried through at a single o|)eration. This is illus* 
trated by (3) of the tabic below, which should be compared with the 
figures just above *- ' "*h column. In this respect the calcu- 

lating mac* ntage over the rule, for the inter- 



The Precision of the Slide Rule. 31 

mediate values can be read off and recorded as they appear on the 
figure wheels. 

It is difficult to measure the comparative speed of the calculating 
machine and the slide rule, chiefly because the character of the opera- 
tions is totally different. It follows from this that for a trustworthy 
measure of speed the computer should be equally skilled in the use of 
both machine and rule, and this can hardly be assumed as true for the 
average case. Tests of this kind also oftefromit an essential factor — 
the time required to record the result. Broadly speaking, the writer 
has observed that a computation carried out to a given number of 
places by rule will require half again as much time by machine. To 
get an additional place of figures by machine, twice as much time 
must be taken as in the first case by rule. This result, though not 
necessarily valid for all observers, testifies at any rate to the extreme 
rapidity of slide-rule computation, since it is a well-established fact 
that on four- or five-figure work machine computation requires from 
35 per cent, to 50 per cent, of the time required with logarithms. 

The following table summarizes the results of five series of pre- 
cision tests. In the last two, the quantities ;;/, ;/, /, q, contained five 
significant figures each. For such data the lo-inch rule is clearly inad- 
equate, and only the lower scales of the 20-inch rule were used. 

TABLE. 

Errors ok Computation hy Slide Rulk, in Fractions of i Pkr Cent, of the 

Quantity Computed. 



icvtnch rule. 20 inch rule. 



(1) Product ab of two four-place numbers, on lower 
scales (2 settings, 1 reading) : 

Average error 

Greatest errors 



0.(H1 I 0.026 

0.157 and 091 069 and 069 



(2) Ratio ab : ed, on upper scales (4 settings, 1 reading) : 

Average error 133 i 062 

Greatest errors , 349 and 0226 0.181 and 0.135 

(3) Product ab divided by product rr/, all computed sep- 

arately on lower scales (6 settings, 3 readings) : 

Average error 0.079 

Greatest errors 0198 and 0177 

(4) Product mn of two five- place numbers, lower scales : 

Average error . ' 037 

Greatest errors ! , 0.096 and 0.09(J 

(5) Ratio mnipq^ on lower scales (average 4J settings, ' , 

1 reading) : 

Average error | 0.046 

Greatest errors I | 167 and 130 



^ _ 



L.'Uti' lUrr. 



O r \'r.': -. • rr; : ' i: : a : i f »i J s •:- r. : r r i : .: : r. •_- a b*", ve t ab": e. ti vc wl- rc c xact , 6 3 
s:jo\\wr\ I; rj-ri^itiv-r ciTor. i^ ' ^'S li ji -siiivc err- T. 

I f :: n •: ■.■ n f. rrr. f.-^ . a : : ■- rr; . ■ ■ r •: t r ' li ' > n • • 1 ;:rr a t '.-r : h an ih c abovcr 

•V ■■ . 'J ! • ' : . Is r- * /." ".v :. rr >. n : \" *:r\ ■. •. r 'j i : c f. ■ • : , c' -j s i on s ; !• -j I since t h esc arur 

'r/y tyMi;:-'. -f hL:nOr«.-Ji» i:. "•.- writ-r - vxj^cricnLir. it seems lepti- 

I.. F'T «•:.■' 'ft vii'vj'uti'-r.s t?.v- '.v.':"T ^■.a'.v.- ••:' the 10-inch rUiC is- 
r»j!ia:j]c t'» ^'nc-cvii-.r-r '^f ! :r.r ■ -.-rjt. T':- '^wlt scale i> l"»ettcr than 
•'•nT-f: f:h ^f j :rrr c-.-i:: . :::. ; t-.:-.v :;vncrarv \^^: usoi iri>:L-aa of a fnur- 
]>] a c 'r ] ' ca r i t : , rn : ii ^^! «.- . I : - h 'j i: '. J b-r r « "• ■ > l- rvcd t h a t I h l- 11 ]">]»tT seal c of 
trj'r so-Jr.-ir; r'j'*.-. i-tt.: th-- ""W-r sea*.-.- -•:* the lO-inch rule are sjraduated 
alike. 

'3' For ^::■'^l •v::'':u]atio:j> :he !"'.vlt scale of the 30-in ch rule is 
reliar/e to one-te:::h ••: l :»--r cent., an-.: mav be useii instea.: .•! a five- 
place io;j;ari*.':!Ti tii'r/.e. 

/;■ If f.ve T'lac'.s <A rj.:r-:> ar*.- : • be obtained, and the intermedi- 
ate pro'.jcts are require-.", :';.e 20-i:-.h rule i> imC much faster than a 
machine, an'l is vastlv nyr-: fi^tijuin:;. 

In apr/yir.j: the ary»ve co:icl'.:>i' :> : • practice, two things must be 
prescrib'.-'' : tli-: rule emT/j'-ye-: niu-t be accurate, an-l the computer 
.>houl'.l te i,-ra'.::ce«i in tl'je e^v-r.i-ri- ■:. of teiiths. Other than this, no 
unusual skill is required, n t i:- ai;y claimed in the ai>ove tests. 
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A NEW ERA IN INTERIOR LIGHTING. 

Hy CHARLES L. NORTON. 

We have so long given to window glass the task of keeping out 
the wind and rain, while letting the light and warmth of the sky 
enter, that the intrusting of another task to this universal detail of 
our structures is a step which interests the whole community. The 
window is henceforth to be not only an oi^eniiig through which light 
may enter, but a medium for sending the light in the direction in 
which it is most desired. Except where it is necessary to have win- 
dows through which to look, conditions of economy will soon forbid 
the general use of plane glass. The age of plane glass has passed, 
to be succeeded by an age of scientific diffusion of light. 

If our windows be of plane glass, the best and brightest light in 
the room is on the floor near the window, and it is here largely 
absorbed and lost. If, however, we interpose in the beam of light as 
it passes through the window a suitable diffusing medium, we may 
divert the light from its original downward direction into others wMiere 
it will be more effective. The ribbed, corrugated, giound, and figured 
glasses now coming into common use are diffusing media for accom- 
plishing this end, and it is to them and to their uses that it is the pur- 
pose of this paper to call attention. 

In the year 1883, Mr. Edward Atkinson reported the method of 
constructing English cotton factories to his associates, calling atten- 
tion to the use of rough-plate or hammered glass for glazing factory 
windows, it being claimed that a better light was distributed within, 
a claim which appeared to him to have a sound basis. Reasoning 
upon the subject, he first proposed to make i)rismatic glass with a 
view to deflecting and diffusing the light, but finding that such glass 
would be very costly, and subject to some other objections, he turned 
his attention to the tyi>es of glass already in use, causing photographic 
images to be made of the diffused light. These images showed that 
the common ribbed glass, in use for obstructing vision, also diffused 
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light in a most effective way. He published the facts, and soon after 
many mills and works were either newly glazed or reglazed with ribbed 
glass. A discussion having arisen on the relative merits of ribbed and 
prismatic glass, it became necessary to bring the matter to a scientific 
basis. 

In 1894 he brought the matter to me, and we have just completed 
a series of experiments begun at that time, to determine just what 
gain would arise from the use of the new window glass in a large way, 
as in the windows of mills, schoolhouses, and public buildings. 

The extent of our knowledge on the matter in 1894 was certainly 
not large, and very few of my acquaintances of scientific bent believed 
in the practicability of any such scheme for improving the present 
conditions of lighting. I am quite ready to confess that I was so 
sure that the insertion of a sheet of ribbed or corrugated glass in 
a window would he attended bv a loss of illumination, that I desii^ned 
my photometer to measure negative instead of positive quantities, and 
had the pleasure of rebuilding it. 

The materials available for use as diffusing media in windows are 
of two distinct types : first, the corrugated and figured sheet glass ; 
and second, the carefully designed and moulded prisms. Figures i, 
2, and 3 indicate the distribution of light in a small room with the 
window glazed in the different wavs. After considerable studv we 
came to the conclusion that the onlv data that would be of value to 
us in forming conclusions as to the practical utility of the diffusing 
glasses must be obtained from the examination of a large room 
lighted by a single window, in which the several glasses might be 
placed in rapid succession. The outdoor surroundings, the amount 
of exposed sky, the angular height of obstructions and the depth of 
the reveal over the window niav be altered bv means of suitable cur- 
tains. The method of procedure followed in the recent tests for the 
Factory Mutual Fire Insurance Comj)anies, under the supervision of 
Mr. Edward Atkinson, was as follows : 

All the makers of diffusing glasses of whom we could find trace 
were requested to send samples if they desired to participate in the 
test. Nearly a score of samples were received in response to our 
circular letter, and a few samples were purchased. 

The Physics Lecture Room m the Walker Ihiilding of the Massa- 
chusetts Institute of Technology, was placed at our disposal by the 
Institute, and it proved to be in every way a suitable place in which 




lu make the tests. All openiiigs by which lijjht might enter the room 
' were closed, except one window on the west side, This window was 
12 inches square, and about 8 feet from the floor. The specimens of 
glass were inserted in the window in nipid succession, and photometric 
comparisons of the intensity of the light in the different cases were 
made. With each specimen the intensity of light was measured in 
a horizontal plane at the height of the table tops, observations being 
taken at stations lo feet apart over the entire floor, The room was 
SO feet wide and 40 feet deep. 

The general conclusions to be drawn from the observations are: 
first, that in rooms of from 15 to 30 feet in depth, the riijbcd or cor- 
rugated glasses will give an increase in the effective light at the level 
of the table tops, of from 200 to 500 per cent. Some of the prisms 
will do as well, but they are usually found to give too little diffusioii 
in small rooms, especially where the windows arc few and small. 

Second, in room.s from 50 to lOO feet deep, the ribbed or corru- 
gated glasses will often give an increase of effective light of fifteen 
times the original amount, and the prisms, especially when set in 
canopies, will increase the li^bt in some cases to fifty times its origi- 
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nal effective strength. The determining factors in the case -are the 
depth of the room, the angle of exposed sky, and the number and 
size of the windows. Stated broadly, the use of suitable prism 
canopies should make a basement as well lighted as a second story 
above it, glazed with plane glass. 

The varieties of glass available for this work of diffusion are con- 
stantly increasing in number, and decreasing in cost. Among the less 
expensive are the ribbed or corrugated glasses. These may be had in 
different degrees of fineness of corrugation, in several thicknesses, 
and with the corrugations upon one or botli sides. The finely corru- 
gated glass with twenty-one ribs to the inch, has been known for sev- 
eral years as Factory Ribbed Glass, the name having been suggested 
by Mr. Atkinson. It is more sharply rolled than the glass with larger 
corrugations, and gives a better j)rojcction into deep rooms, but it 
accumulates dirt more rapidly than the coarser glasses. 

There are almost numberless figured glasses, with a design of 
some sort worked in low relief on one side of the sheet. These act 
as excellent diffusing media in small rooms, but do not pitch the light 
up toward the horizontal enough to be effective in deep rooms. 

The prisms made by three of the large companies were tested, 
though one sample came to hand too late to be given a complete 
series of tests. One make of prisms consists of sharp, carefully 
moulded triangular prisms, usually in tiles or plates about 4 inches 
square, and about | of an inch thick. These are made of many dif- 
ferent angles, and are installed only after careful consideration of the 
conditions under which the prisms are to be used. They are very 
satisfactory devices for projecting light in any desired direction in 
a room, with absolute certainty and with very little diffusion. A sec- 
ond prism differs from the first merely in that the lower surface of 
the prisms is curved instead of plane, giving a cross section which is 
substantially that of the lower half of the rib of the Factory Ribbed 
Glass. This gives a wider diffusion, but less concentration of the 
beam where it is desired to throw it in one direction, as is often the 
case in deep rooms. The third make of prisms is quite similar to 
the first type, except that the outer side, or back of the prism plate, 
is not plane but slightly sinuous in outline. Enlarged sections of the 
different diffusing glasses are shown in Figure 4. 

The intensity measurements were made with a modified Cornu 
photometer, which served to compare the brilliancy of a piece of 
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Fig. 4-— Some Difkosing Glassm. 

white porcelain placed at the window with that of a second piece 
which could be moved to any desired point in the room. This method 
gave measurements which were expressed in percentages of the inten- 
sity of the !i{;ht at the window, and were wholly independent of the 
strength of the Uglit at the window at the moment of comparison. 
A radial arm, 1 5 feet long, centered just below the window, was also 
used to carry the white screen, but it was found tiiat the results ob- 
tained with an arm of this length were of little value in furnishing 
data on the action of the different diffusing glasses in rooms of a 
depth greater than 15 feet. The reason for the apparent discrepancy 
between the observed value of the intensity at the back of the room 
50 feet deep, and the values computed from the nieasarenients made 
at a distance of 15 feet from the window, lies in the fact that a very 



A Ni-tv Era in Interior Liglning. 



39 



considerable and variable amount of light is reflected from the ceiling. 
It should be borne in mind that the light from the upper sash usually 
strikes the ceiling at a small angle, and that the reflecting power of 
even a dingy and rough ceiling is considerable at small angles. The 
glass which throws the strongest beam directly toward the back of 
the room may not furnish as satisfactory an illumination there as one 
which throws a more feeble beam directly toward the back wall, but 
adds a considerable amount to it by reflection from the walls and 
ceiling, It was therefore deemed better to measure the intensity of 
the light at a sufficient numbbr of stations, and make an intensity 
map of the room for each kind of glass. 

The examination of the different sam'plcs of glass showed at once 
that their usefulness lay largely in different fields, as was suggested 
above. In shallow rooms now fairly well lighted, the figured glasses , 
give a soft, well-diffused light with an absence of glare and a material 
strengthening of the light in the rear portion of the room. As we 
study rooms 30 feet or so in depth, we find the figured glass gives too 
little light near the back of the room. Evidently something is here 
needed to throw the light further up toward the horizontal, as well 
as to give a nearly hemispherical diffusion, and the Factory Ribbed 
Glass has here proved its value. The action of this glass is very 
ititeresting to me. It exists, not because of its diffusing properties, 
but because it is an obstruction lo vision without many of the faults 
of the ground and painted glasses which were much used earlier. It 
was never designed to be a thorn in the flesh of the makers of pris- 
matic glass, yet such. I fear, it has been for some time past. The 
fact that a cheap rolled glass can be of merit as a diffusing medium 
seems lo be beyond the belief of the makers of the carefully moulded 
prisms. The relative efficiency of the rib and the prism is largely 
dependent upon the size of the sky angle to which they are exposed, 
and the depth of the room which they are to light. If the light came 
from one point in the sky, and was to be used at only one point in the 
room, the angular prism of precise form would unquestionably be of 
the greatest value, and it is in the cases where those conditions are 
most nearly true that the prism finds its greatest field of usefulness. 
But in cases where the light comes from a broad expanse of sky, and 
is desired in wide diffusion throughout a large room, it is not easy to 
define the action of the different types of rib and prism. Stated 
broadly, the efficiency of the rib falls off more rapidly than that of 
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the prism as the sky angle decreases, and as the depth of the room 
increases. 

I^t us now look at the changes which we may bring about in some 
particular cases by the use of diffusing glass, instead of plane glass. 
Take first the ordinary Boston type of school r(X)m, 28 x 32 feet, with 
windows on two adjacent sides. We have two conditions to consider, 
the presence or absence of the sun at the window, causing a great 
difference in the amount and distribution of the light. Without the 
sun, we find ordinarily that the half of the room nearest the windows 
is fairly well lighted. The exception is 'the occasional city school, with 
its tall neighbors in close proximity to its tcK) few windows. It is 
desirable when the sun is not vshining upon the windows to strengthen 
the light in the rear half of the room. On the other hand, when the 
sun is shining through the windows, the half of the room farthest from 
the windows is fairly well lighted, and the chief source of complaint is 
the too great brightness near the windows. Resort is usually had to 
window shades of greater or less opaqueness to cut off the light as a 
whole, for the benefit of the pupils within a few feet of the windows. 
The result is that the back of the room is insufficiently lighted at all 
times. 

Suppose, however, we should put a suitable ribbed or prismatic 
glass in the windows. It is hardly practical to so adjust the glass as 
to give to those near to and far from the windows exactly the same 
strength of light, but the ratio of intensities may readily be changed 
from 20 to 1, to 2 to I. 

Consider the case of a large mill room with large window areas. 
We are here much less concerned with the amount of the diffusion from 
any one window, since the number of windows is so great as to give a 
satisfactory diffusion in those parts of the room which are within 20 
feet of the windows. The ribbed glass and prisms act in such a room 
as deflecting devices, to carry the excess of light near the windows 
bodily back into the middle of the room. I have in mind a mill with 
two wings of a similar exposure. One is glazed with plane glass, the 
♦ other with diffusing glasses, and on any cloudy afternoon you may find 
the plane glass wing all gaslight, while the other is amply lighted with 
diffused daylight. It is hardly necessary to add that as I write, the 
further substitution of diffusing glasses is being carried out in this 
mill. 
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In the large city stores we have still another condition of affairs, for 
here we meet usually with a deep, narrow nxini, lighted only from one 
end, with a window the full width of the store. We may usually count 
on finding the lower half of the window obstructed by merchandise. 
The city store rarely has more than a limited sky angle. The one thing 
eminently suited to improve the light here is the prism, especially if it 
can be set in canopies o\-er the sidewalk. The thousands of square feet 
iif prisms which have been installed within the last four years in the 
stores of our large cities attest the real cnmniLn-cial value of this device 
for this work. 

In offices and in small rooms we have still another set of conditions 
to meet. Except where the sky angle is very small, we need here 
essentially a diffusion of as wide an angle as possible, with a much 
less regard for the upward tipping of the beam. We find here that 
the glasses lyorked with a raised pattern are '.if especial value, Siime 
of them are of pleasing appearance, and are known as " Florentine." 
"Maze," "Arabesque," and "Figured" glass. There are many others 
by several makers, but these are typical of the whole class. 

Skylights hav'e long been a source of trouble when the sun strikes 
full upon them, but the .substitution of a diffusing glass scatters all 
about the room, and puts to good use the light which otherwise fell so 
strongly upon some one spot as to make imperative the use of some 
sort of an opaque shade. 

It is to be regretted, but it is certainly true that strong objection is 
often made to the "shut in" feeling which some people experience in 
r'wras glazed wholly with diffusing glass. Repeated legislative action 
has been urged to prohibit the use of this glass in factories, and as a 
result it is now customary to confine the use of diffusing glasses to the 
upper sash. A more serious objection comes from the unpleasant and j 
often unbearable glare of the glass when in the bright sunlight. The 
prisms are especially bad in this respect, but a remedy may be found 
even with them, in the use of a thin white cloth shade, to be drawn 
only when the sun strikes the window. We thus have the light at its 
maximum in dull weather, and can yet temper its brightness when it 
is necessary to save the eyes of those working in direct line with the 
light. 

The substitution of ribbed or figured sheet glass for plane gives rise 
to no new mechanical problems, but the setting of the prisms in small 
tiles has called for a great expenditure of time and money. It is not 
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quite certain that the present methods of holding the small tiles in 
metal frames by means of a cement filling or by an electrolytic deposit 
of copper ar^ wholly satisfactory. The one is not easy to make tight 
while the other is so close a fit that the greatest care in relieving the 
frame from all strain is necessary, or the tiles become cracked or broken. 
The chief reason for making the prisms in small tiles has been hereto- 
fore the difficulty of rolling large sheets of prisms without deforming. 
The use of glass in large sheets for canopies over the sidewalks is 
prohibited by considerations of the safety of those passing underneath, 
so small tiles in stout metal frames must continue to be used for this 
work. 

The action of prisms when set in canopies over a window is two-fold : 
first, as in the ordinary setting, to give an upward tip to the light ; and 
second, to actually send through the window more light than would 
otherwise enter through it. Especially in narrow streets where the 
angle at which the light strikes the vertical is small, a canopy projecting 
into the street, even if of no greater area than the window will have 
incident upon it much more light. Being composed of total reflecting 
prisms, a canopy throws into a room almost all the light which falls 
upon it. Unlike the vertical prisms which are active by virtue of their 
refractive power, these total-reflection prisms have uppermost the surface 
through which the light enters, and they are more seriously affected by 
accumulations of dust and dirt. 

The diffusion of direct radiant heat from the sun or from the sky 
follows much the same lines as in the case of light, but so large a pro- 
portion of the heat which enters a room comes in ways other than by 
direct radiation, that the main effect of the diffusing glasses is to pre- 
vent the local overheating of those portions of a room which are exposed 
to direct sunlight. 

The criticism which has been offered several times, that the use of 
glass which prevents the direct entrance of beams of sunlight was 
injurious to the health of those living in rooms so glazed, is of course 
sheer nonsense. The action which light has upon disease germs can be 
operative as well through a diffusing glass as through plane glass. 

In conclusion, we may safely predict a field of usefulness for the 
diffusing window, in impro\dng the light in many rooms now dimly 
lighted, in making profitable the construction of rooms of greater 
depth, and in allowing of the closer approach to one another of tall 
buildings, with a resulting economy in land. 
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I HAVE been requested to speak to you this evening upon our export 
freight to Europe, or as I shall interpret it, our commerce with Europe. 
Ii will be my purpose, so far as I am able, to di\-est the subject of dry 
statistics and to explain the nature of this trade, the great develop- 
ments that have taken place, and the rapid growth under favorable 
concitions. It is this trade that has given such wonderful prosperity to 
the country during the past three years, that put in motion all the 
wheels of industry, that has brought large earnings to our great railwaj- 
lines, that has made money so abundant and created vast wealth for this 
country. It will be interesting and profitable to trace the source of 
these great benefits. It is a large subject, capable of almost indefinite 
expansion, of widest scope, and it will be possible only to deal with the 
most important branches of the trade. I am sure there is no more use- 
ful, interesting, or fascinating study than that which relates to the origin 
and growth of a trade with foreign peoples. 

The character and extent of the commerce of a people determine 
In a great measure its influence in the world, and upon it depend its 
wealth and prosperity. The first steamship that crossed the Atlantic 
started from New York for Liverpool as far back as in iSig. This event 
w-as the forerunner of a new era in trade, revoiutioniSng former meth- 
ods. And what progress has lieen made since that time ! From wood 
to iron and steel, from sail to steam, from small craft to monsters of 
the deep, the ocean is now bnt a river, and the mighty steamships 
serve as a bridge to cross it. The terrors of the sea hardly have any 
existence, so swift, so certain have become the passages across it. The 
electric telegraph — tlie cable, have brought the remotest corners of 
the earth to our door.s. Space and time are annihilated ; merchandise 
is bought in this country ; the freight engaged from point of shipment 
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in the West to its destination in Europe, and within a few hours sold in 
Europe at a price to yield a small commission — a fraction of a cent per 
bushel on grain. What facilities for human intercourse, for the trans- 
action of the business of the world, and requiring improved meth(xls, 
a firmer grasp of situations, a keener insight, more enterprise, more 
effort, and greater sagacity. The strife is more earnest, and compe- 
tition closer. The country has been startled by the enormous growth 
of our export trade. The statistics have not been compiled for the 
entire year past, but I am able to give them for the eleven months of 
1900. The total imports were $76o,cxx),cxx), of which $139,000,000 
were from the United Kingdom, and §93,000,000 from Germany. 

The exports were $1,380,000,000, of which the United Kingdom 
received $535,000,000, and Germany $179,000,000, so that it will be 
seen that the United Kingdom purchased of us $400,000,000 in excess 
of our purchases from them, and this in eleven months. It is safe 
to say, as December is an active month, that the United Kingdom be- 
comes our debtor to the extent of $500,000,000 per annum. As 
might be expected, our exports consist of food products and raw 
material. England is becoming more and more dependent upon other 
nations for her food supplies, and with this country now entering upon 
a period of close competition in the markets of the world in manu- 
factured goods, it would seem that she has nearly reached the maxi- 
mum of population she will be able to support. Just here it may be 
interesting to note that the United States produces 

* SO per cent, of the world's cotton. 

SO per cent, of the world's corn. 
25 per cent, of the world's wheat. 
30 per cent, of the world's meat. 
30 per cent, of the world's iron. 
40 per cent, of the world's steel. 
Tili per cent, of the world's coal. 

and more startling than all, her manufactured product is greater than 
England, France and Germany combined. Our export of manufactured 
goods amounted to $25,000,000 monthly in 1898, now increased to 
$40,000,000. In thirty years our manufactured output has increased 
from $3,700,000,000 to $13,500,000,000. These facts, indeed, fix our 
status to be the superior and favored nation of the world. Let us now 
e.xamine somewhat in detail our trade with Europe, and these facts 
relate to eleven months of business. 
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GRAIN EXPORTS. 

Coin. 152,000.000 busheU, value. f67.0:lO.O00. To the Uniled Kingdc 

Wheal. SO 000 000 bushels, value, S5S,000.000. To the United Kingd. 
Oits, 30.000.1100 busheU. value, $9,000,000. 
Flour, 11,500,000 barrels, value, $43,000,000. 



Cotion, 6.000,000 ball 



Lit. f260,00n,ono. 



To the United Kingdom, f 

To llie United Kingdom, S 

Getmauy,»S 000.000. 



The supremacy of the United States as the greatest contributor to 
ihe world's meat supply, the fact that our ex]x>rts greatly exceed that of 
any other country, that our animal product is second only in importance 
to cereal culture, render the study of this product of unusual interest. 
The intimate connection between livesti.ick and corn must be borne in 
mind in order to understand the full import of the meat trade. It is 
estimated there are 40,000,000 swine slaughtered in the United States 
in a year, and in the raising of these there is a consumption of Soo,- 
000,000 bushels of corn, or one-third the entire crop. 

As will be seen by the figures, England is the largest consumer of 
ir meat products ; in fact, nearly the whole of this business is confined 
' tt>that country. The chief feature of the meat importation into Great 
Britain has iieen the change from the imptfftation of sailed to that of 
fresh meat. From 1S71 to 1S98, the quantity of salted meat declined 
over 25 per cent., while that of fresh meat increased almost 140 fold. 
Importation of hams into the United Kingdom has also been marked by 
a rapid di.s|>lacement of Danish and German hams by the American 
product. In 1871 Holland and Germany furnished 33 [jcr cent, of the 
total amount as compared with 57 per cent, from the United States. 
In 1891 the percentage was one-third of 1 per cent., and that of the 
United States 98 per cent. Since that time the trade has been monop- 
olized by the United States and Canada. The United States furnished 
94 per cent., and Canada 6 per cent, in 1898. In the exportation of 
mutton to Great Britain, we have taken no part. Of the total importa- 
tion of 189S, 3,314,000 hundred weight, valued at ;S24,ooo,ooo, 57 per 
' cent, was furnished by Australia, 33 per cent, by Argentina, and 8 per 
Cent, by Holland. In this connection it may be interesting, es|>ecially 
I ai connected with the wool supply, to note that it is computed that 
j there are 110,000,000 sheep in Australasia, 74,000,000 in Argentina, 
I and 38,000,000 in the United States. The carcasses are frozen at 
I point of shipment, and shipped by steamers esjxrcialiy fitted for the 
business. 
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FRESH MEAT. 

The shipment of fresh meat furnishes a striking illustratifm of how 
a trade can be created and increased by the adoption of improved meth- 
ods. The first shipment of fresh meat from this country was made in 
1876 to Liverpool. The system of refrigeration adopted was crude as 
compared with that now in use. Ordinary ice boxes were constructed, 
and these were replenished with ice during the voyage. The meat fre- 
quently landed in a damaged and mouldy condition, especially in hot 
weather, causing large losses to shii)i)ers. The i)eople were naturally 
prejudiced against American meat transix)rted such a distance, and it 
required many years of ixTsevering effort and greatly improved methods 
of transj3(^rtation to overcome that prejudice. Many years passed before 
the ammonia process of cooling the refrigerators was perfected. There 
is now no complaint in regard to the condition of the meat on arrival. 
The shippers have established their own meat shoj^s in the large centres 
of trade in the Kingdom, and the trade is now conducted at a saving in 
exjx^nse and with greater efficiency. There are now shipped on many 
of our large steamships 5,000 quarters of beef, the equivalent of 1,250 
head of cattle. This trade has become of great importance to the 
steamship lines and to the country. 

In recent years Australian beef has vigorously comjx^ted with the 
American product, and it now forms 20 per cent. ()f the whole product. 
The statistics for the eleven months of 1900 are as follows : 

EXPORTS. 

Bacon, 410,000,000 lbs., val..532.00O,<K)0. United Kingdom, $27.0000 K) Germany, $1,300000. 
Hams, 168 000.000 lbs., val., $18,000,000. United Kingdom, $17,000,000. Germany, $200000. 
Pork, 107,0:K),000 lbs., val., $7,000,000. United Kingdom, $5,rK)0 00). Germany, $550,000. 
Lard, 480.000.000 lbs., val., $32 000.000. United Kingdom, $12,000,000. Germany, ll,000.00a 
Fresh beef, 300,000.000 lbs., val, $26,000,000, all to the United Kingdom. 

Our total shipments of provisions amount to $ 1 70,000,000, and in 
1889 they were $104,000,000. Fresh meat, 1890, 813,000,000; 1899, 
$23,000,000. 

The shipment of fresh meat has caused a decline in canned beef and 
salt beef. The exports of canned beef have declined from $6,000,000 
in 1890, to $2,500,000 in 1899; salt beef from $4,200,000 in 1890 to 
$1,080,000 in 1899. On the other hand, in salt pork there has been 
an increase from $4,700,000 in 1890, to $7,900,000 in 1899, and of 
pickled pork 18,800,000 pounds in 1890, to 91,700,000 in 1899. 

To illustrate the increase in lard and hams exported to Europe : 
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UnL Hamt 

189a 384.000,000 pounds. 1S90. (7.000.000. 

ISW- 626.000.000 pounds. 1899. 19,00O.iiOO. 

In butter and cheese, nearly a!! of which is for Great Britain, there 

1 marked decline, especially in cheese; 1890, $7,300,000; 1899, 
$2,000,000. 

No doubt this has been caused in part by improper or careless 
management of the business. Tht packages in which cheese is shipped' 
arc very frail, incapable of much handling, and as a consequence they 

landed in bad condition, and the contents suffer damage. Then 
in ihe summer season the,se articles deteriorate, and unless shipped in 
refrigerators are delivered out of condition. 

The imports into England of our provisions are rapidly increasing 
with increase of population, and also because the consumption per 
capita has increased 20 i>er cent. This is due to the lower price ; fresh 
meat is now selling at one-half the price it was before our meat was 
imixirled. 

LIVE ANIMALS. 

There is no more interesting part of our foreign commerce than 
that relating to our Uve cattle trade. In 1S75 I engaged for the steamer 
San Marcos the first shipment of live cattle from this country to 
Europe. That year 300 head were shipped, and we have been exporting 
(nr a good many years 300,000 head per annum, v-akicd at $28,000,000, 
all to the United Kingdom. The increase is due to better facilities, im- 
proved fittings, etc. ; the losses used to be heavy at times. In 1889 the 
Argentine Republic began to export in competition with us, so that in 
1898 there were exported from the United States 369,000 head, or 
65 per cent., and Argentina Sg.ooo, or 16 percent. Canada also e.x- 
pons live cattle. 

It is interesting to note the changes that have taken place in the 
Cattle producing countries of Europe, In 1871, which was before we 
exported any cattle, the total imports into Great Britain were 218,000 
head. Holland was ea.sily the first in supplying this trade, with 43 per 
cent., Germany second, with 31 per cent, of the whole. The traffic was 
thus essentially a Western European one, and the sea voyage was short. 
The relations of these countries remained approximately the same for 
wjme time until Denmark increased her shipments, and after 1876 that 
country became the chief European country of supply. The exports 
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from Denmark, however, rapidly declined after 1883, as did the whole 
European exp)ort to the United Kingdom, and entirely ceased in 1893. 
The chief feature of the live cattle trade has been the shifting of its 
incidence from Europe to America. 

SHEEP. 

The importation of live sheep into Great Britain is of declining 
importance. In 1878 892,000 head were imported, and in 1898 
664,000, and value of sheep also has declined. The same process 
^ took place as in the case of cattle. The source of supply is now from 
United States, Canada, and ArgentinU — the latter had not made any 
shipments until 1890 — and at present ships 64 per cent, of the entire 
quantity, and the United States 22 per cent. 

HORSES. 

This trade is of comparatively recent origin, principally on account 
of the low prices of horses in this country. The e.xports the past eleven 
months have amounted to 27,000, valued at $4,000,000. 

LEATHER. 

I have, taken quite an interest in the growth of this trade, because it 
has developed from very small beginnings. The first shipments were 
of sole leather, and now we export largely of finished leather. We 
exported last year 27,000,000 pounds of sole leather, valued at $5,000,- 
000, of which England took 4,500,000, and finished leather having 
a value of $12,000,000, of which $9,000,000 went to England. We 
also shipped to Europe boots and shoes valued at $1,250,000. 

ILLUMINATING OIL. 

It will surprise you probably to hear that there were exported from 
this country to Europe 650,000,000 gaUons of refined oil during the 
past year, valued at $40,000,000, and 112,000,000 gallons of crude 
oil, valued at $6,000,000. 

MACHINERY. 

Included in our exports to Europe is a large variety of manufactured 
goods, machinery, scientific apparatus, etc. Sewing machines, $2,500,- 
000 ; typewriting machines, $2,000,000 ; telephone and electrical appa- 
ratus, $4,500,000, the amount having doubled in two years. 
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IRON AND COAL 

A marvellous change has taken place in this country in respect to 
those two great sources of national wealth. The iron ore production 
in 1894 was 12,000,000 tons, and in 1899 it was 24,000,000 tons, as 
against 14,000,000 tons in Great Britain. Our product of coal was 230,- 
000,000 tons, while Great Britain's was 220,000,000 tons. Our total 
exports to Europe of products of iron and steel were $ 1 20,000,000 : 
Steel rails to Europe, 27,000 tons ; hardware, $4,000,000 ; structural 
iron and steel, $3,500,000; wire, 160,000,000 pounds, $4,000,000. 
Agricultural instruments valued at $10,000,000 were exported to 
Europ)e. These figures show that the leadership has passed to the 
United States in the production of those raw materials upon which the 
manufacture of iron and steel depends. Nearly one-third of the world's 
output of iron ore has passed to the United States. Not only that, 
but the prices are lower in this country than in Euroj^e. What inter- 
pretation is to be put upon these facts as outlined } It means industrial 
power at home and commercial prestige abroad. It means v-ast increase 
of national wealth. Hitherto agricultural products have been our main 
exports, and now we are to add the manufactured products. We are 
only at the beginning of our resources. The turning of this tide marks 
the end of the old and the beginning of a new era in our history. 
Hitherto, we have progressed slowly and gradually. That progress 
has been marked by revulsions in trade, — adv^ance and decline — 
but during the past three years the nation has advanced by leaps and 
bounds, and we have become the great commercial nation of the world ; 
not by accession of foreign territory, but by the development of our 
own resources. The enormous wealth that has been poured into this 
country has led to great industrial development. Companies with 
capital of hundreds of millions have been created, and the result is 
increased production at minimum cost. 

I cannot close without referring to one branch of industry in which 
we have been sadly deficient — ship-building and our merchant marine. 

There are dangers that will confront us. The history of other 
nations that have been great and powerful in their day reveals to us the 
effects of the intoxication of success, and the demoralizing influences of 
luxury and wealth. The two great counteracting forces that are at 
work in this country, and that will enable us as a people to overcome 
the temptations that beset us, and to pass through the ordeal in 
triumph and safety, are education and religion. 
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ON THE DRAINAGE, RECLAMATION AND SANITARY 

IMPROVEMENT OF CERTAIN MARSH LANDS IN 

THE IMMEDIATE VICINITY OF BOSTON} 

By WILLIAM LYMAN UNDERWOOD, Lecturer iv the Massachusetts Institute 
OF Technology, and Member of the Board of Health op Belmont. 

It has long been recognized that the existence of ** wet, rotten and 
spongy lands " in the near neighborhood of towns and cities may con- 
stitute a menace to the public health, and sj^ecial attention has been 
drawn to such areas within the last three years, since it has been estab- 
lished with tolerable certainty that the mosquitoes for which they too 
often furnish a breeding place may Ixicome effective vehicles of malarial 
or intermittent fever. In almost every town in the state are to be found 
undrained areas of wet, sour and swampy lands which in many ways are 
a nuisance and more or less injurious to the public health. Pools of 
stagnant water are frequently found upon them, in which may be bred 
myriads of mosquitoes whose existence in any neighborhood is a dam- 
age quite apart from the fact that they may in all probability become 
the effective carriers of the germs of intermittent fever. 

From such areas arise foul odors of decaying vegetation, and in the 
colder months of spring and fall the air, heavily laden with moisture, 
tends to impart to the surrounding neighborhood a cold and j:)enetrating 
chill detrimental to the public health. Frequently these lands cover a 
very large tract whose ownership is divided among many individuals ; 
very often the territory may cover lands lying in separate, though con- 
tiguous, towns. 

The question arises, how can these conditions be remedied or the 
dangers from them be minimized } If it is possible to drain these 
spongy lands and so bring the soil back to a sweet and wholesome con- 
dition, who is to do the work, and at whose exj^ense is it to be done } 
An individual owner generally cannot work to advantage unless he has 
the cooperation of his neighbors. How to bring about a unanimity of 



* Read at the Quarterly Meeting of the Massachusetts Association of Boards of Healthy 
Boston, January 24, 1901. 
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purpose and actioQ on such a question is often a very difficult problem 
li) solve, especially when it involves the possibly conflicting interests of 
two or more different towns. While it may in most instances be impos- 
sible to obtain concerted action through iniii\iduals, there is fortunately, 
if properly applied, a method by which much good may be effected, and 
that is through the local Board of Health — if the lands in question lie 
within one town — or by the united action of the Boards of Health of 
two or more towns whose interests are involved, provided It can be 
shown that the areas in question are detrimental to the public health. , 
The laws which the State of Massachusetts has eiaacted to deal with 
Mich conditions are positive and plain, and briefly as f(.)Ilows : 

I^nds which are wet, rotten and spongy, and offensive to persons 
residing in their vicinity, or which are injurious to the public health, 
may be deemed a nuisance, and upon a hearing and |«tition, such nui- 
sance may be abated, A Board of Health may also determine who 
shall bear the expense of making such improvements and the keeping 
of them in repair, whether it shall be the city, town, or persons, bene- 
fited thereby. 

As a single illustration of what has already been accomplished along 
these lines in one case, and to show that still further steps seem 
absolutely necessary for the safety of the public health, a tract of terri- 
tiiry will be considered, situated within five miles of the State House 
in Boston, lying in and between the cities of Cambridge and Somcr- 
\ille, and the towns of Arlington and Belmont, and known as the 
"Fresh Pond Marshes," It is the purpose of this jjapcr to describe 
and illustrate the condition of these marshes as they now exist, and 
as they existed before certain sanitary improvements recently made by 
the Boards of Health of Belmont and of Cambridge had been carried 

. In order to give a clear idea how these conditions were brought 
sbftut, it will be desirable to state a few facts concerning, the early 
1 history of the Fresh Pond Marshes. 

In 1856 the Cambridge Water Company first began to use the 
I waters of Fresh Pond for the city supply, and their charter also granted 
them the right to take the waters from Little and Spy Ponds and Well- 
ington Brook. During that year F. W. Bardwell (a member of the 
Lawrence Scientific School) was employed to ascertain the amount of 
water available for the city's use. He made careful calculations and 
found that the average discharge from Fresh Pond and through Alewife 
Brook (see map) was a little over 2,000,000 gallons daily. From Spy 
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and Little Ponds and Wellinf^un Brook, it was about 10,000,000 gal- 
lons daily. He reported that by building a dam across the culverts 
under the Lexington Branch Railroad the waters from these ponds and 
the brook could be forced Ixick into Fresh Pond. It is not clearly 
shown just when Fresh Pond began to Ixi supplied in thi.s way, but 
it was probably S!)metime Ixjfore it became necessary to do so. In a 
rei)ort of 187c, however, the following apix^ars : 

** A new gate and gatehouse have been built at the outlet of Fresh 
Pond, and flashboards have been erected on Alewife Brook where it 
passes under the Lexington Branch Railroad. These flashboards were 
rendered necessary, not only to secure the water flowing from Spy and 
Little Ponds, by conducting it into Fresh Pond, but also to enable the 
fish to escape from the i:K)nd to the ocean. There had l)een no water 
flowing from PVesh Pond for several months, while there was a constant 
flow from Spy and Little Ponds. By the dam at the railroad crossing, 
the tide is effectually shut out from all the j^onds, and the water from 
Spy and Little Ponds is carried directly intt) Fresh Pond." 

This system was evidently used until 1873, when two sewers were 
allowed to empty into Alew-ife Brook — one at Spruce Street, and an- 
other at Concord Avenue. In order to avoid contamination of the water 
supply of Cambridge by their sewage, the outlet of Alewife Brook was 
then permanently closed by filling in with dirt, and sheet piling was 
driven in across the brook at Concord Avenue. As a further safeguard, 
tide-gates were built at Broadway in Somerville, to prevent the tide- 
water from backing the sewage upon the meadows. As Cambridge, 
however, could not afford to lose the amount of water which she had 
been getting from Little and Spy Ponds and Wellington Brook, she 
built in 187s a conduit to carry this supply directly from those ix)nds 
and Wellington Brook into PVesh Pond. (This is shown upon the map.) 
¥or a number of years this system appeared to be satisfactory ; but 
with the rapid increase in the population of Cambridge, it soon became 
evident that a larger water supply was necessary. It also became clear 
that the conduit w^ater was being badly ix)lluted, for Wellington Brook, 
with its drainage area of 2,500 acres (the greater part in a state of high 
cultivation and heavily manured), was Ix^coming a serious danger. In 
1879 the Cambridge Water Board had borings made all over the terri- 
tory between the meadows and P>esh Pond. As a result they found 
a rapid undercurrent of water setting from the marshes to the jx^nd, 
and in their reix)rt for that year they stated that it was very important 
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, roco, all the waler frmn Welling- 
(linger Street, was being repaired 



ough ihU pipe was rioiiiiiE, <m Julv ;; 
ton Brook at tiiat lime. The bridge, on Hitl 
»iid the water was temporarily cared for 
much smaller pipe would have answered the purpose. (Compare this with 
Figiite ^ taken on ihe ssme day.| 
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[■|.^ 2,, — rhd ^.:lnle pl^.-^- sli..»n i» I'lyiit^' :, N.i. ;:. 190P, :a„l .,ft^, 1,,..,,^ ,.,„,-. 
( will be seen how Ihe water has befii l.iwered in spilt of (he tama and drawn off by sinipl 
lenring out the channel in Cambridge tetriiocy. On the righi bank will be noticed Ihe rnot 
if Ihe rushes whkb are to be seen in Figure I erowins luxuriantly. 






ton Itrook is fil1c<1 wil 



.king east friim Wellingtoii Slrcel. I he thannel of WcllirB- 
,. Within half a mile, in Uclmont. b a schoolhouse from 
relalivel; from fiickness than from any other school in that 





snttal Massachii.firs ir.nks, i.coo fort 1.(1 
m Figure I. This pipe was BtaiirliiiR almrwi full of iva 
further up Ihe stream was not half filled, though cat 
linglon Biook. At the lower end of the culvert rush* 
the i^hamitl. These and other obstructions further dun 
the waltr batlt and keeping the pipe full! 



-r ; while the lo-inth pipe 
ling all the flow of Wei- 
were growing and filling 
I the stream were holding 
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i\i-,. 4,1. ~,Noveiiil)ei 21. iijoo, Irum the same point as hiBiite 4. l>ui aflet 
ihe channel had been cleaned out. It will be seen thai the pipe is bm half full 
of water, though the view was taken after a heavy rainfail. When the brook was 
fiwl deared omI, iheie were only five inches of water Howing through the culvert. 
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Klii 5. — Julyz?. igoo- All obsiruction U willow trees growing directly in 
!he bed of Wellmgion brook, The surface of the water U covcrsd with a thick 
»cuni of duckwacd, with the exception of the dark spate in the centre, into which, 
jiisl before the picture wm taken, a sione hnd been lliromi. 
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, 1900; loiALlfi < 

wurst spot oil the marshes. In this flection there *re 6; acres. boiiiiJcd un the north hy 
Ihc tracks of the Fitchburg Railroad ; on the rast by the tracks m the (aclory of the Itos- J 
Ion Packing and Provision Co.; on the south i>y Concord Avenue; and on the west by i 
high land, — from which this view was taken. Musi of this lertitoty is under water through- 
out the entire yeir. Fornietly, (he greater |>art of it was coveted with a growth tiC maple 
trees ; but these hnve ajl l>een killed by the gradually- rising water. At points 4 (see mapi 1 
directly under 6) and ff {more to the right) culverts used to drain this section into V/A | 
linglon Brook; but now tlicsc waterways havelwen filled in and the only outlet U a 
(see mapi point on railroad tracks north of Artificial Pond]. From the north side Of tl 
Fitchburg Railroad tracks, at this point, the water has to find its way a< 
OS best it can, for there is no channel for it 
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- Looking Dorlli from Howdcr Huu:<« Boulevaid, diid showing marslic? 

I bclwcen Broadway and Ihe Myatic River. If lide-gatea were constructed at the point 

I trhere Ihe foot-bridge crosses Alewife Brook (sec map) near its juiiciion with the Mystic 

rsh land could lie changed into a lagoon, in which ibe brook waters could be 

d during the period of higli tide in the river, Hy this means it is probable that the 

iiier-table of the Freah I'nnd marshes could be lowered 3 feel. 
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Fig. 13. — The uiKecbiiiicd portiuii .if ihi: ni:ii^l»:> ay i( tii-K i.i-.lav. 1 •.i>l>iiig s-mlli- 
tWI from the Massachusetts CeiiHal tracks. December, [900. Wilhio half a mile of this 
twanpyarea there are Uicaled t.i6i dwelling houseai iiSof these are in Belmoni, 201 in 
Arlteglon, 307 in Somerville. and 525 in Cambridge. 
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111. I ;. — The lilv |i'jnJ, a patl of whicli i- -' ■-■.i. -i I ;_ 
j;rfiwn iiqu.itic plaiil,-., including six hardy vatielii- nf s\ ii< r li'n- 
May 111 "clobet and requite no special care. In the walcr are 
tiili that feed ugion the lar\'a; of ino<iqulloe& and serve to keej 
in check. In such \m\\Aa these fish thrive and muliiply, si 
ciiklest winlers of Che locality. 

Figures 14 snd 1 j illustrate what tniglil be accomplished o 
marshes by proper drainage and care. 
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that these meadows should be kept clean in order to avoid contamina- 
tion of the public water supply. The marshes are to-day in a worse 
condition than they were then, and if the opinion of the Water Board 
was correct, must still menace the purity of the waters of Fresh Pond. 
To avoid further contamination and to meet the growing demand, 
Cambridge in 1887 began to take its main supply from Stony Brook 
in Waltham, and Little and Spy Ponds and Wellington Brook were 
abandoned as sources of water supply. 

The condition of the meadows at this time from a sanitary point of 
view, was far from satisfactory. Naturally, the channel of Wellington 
Brook, through disuse, had become considerably obstructed below the 
point where its water was diverted by the conduit. Rank weeds and 
other growing vegetation in some places completely filled the bed of the 
stream. For a number of years the farmers had entirely neglected 
the land in this \icinity. Prior to 1880, and as long as the ice busi- 
ness of Fresh Pond was in a flourishing condition, these marshes were 
cared for, the channels of the br(X)ks were annually cleaned out and 
the whole meadows thoroughly ditched. Heavy crops of meadow hay 
were harvested from them and found a ready market with the ice men, 
who used large quantities for i>acking in their ice houses. The Fresh 
Pond Ice Company alone bought 100 tons of hay a year, frequently 
paying as high as S20 a ton for it. In 1888 the last ice house was 
removed from the pond, and from that time until the present (a period 
of some twelve years) no attention has been paid by the owners to the 
drainage of this large territory. Year by year the water has been 
rising higher and higher upon the fields until stagnant pools have 
come to exist all summer long, and offensive odors of decaying vegeta- 
tion are given off, where twenty years ago crops of good meadow hay 
were cut annually. Malaria has crept in, and the whole district has 
threatened the health (»f the surrounding towns. It was this condi- 
tion of affairs that the Board of Health of Belmont was called upon 
to investigate. 

It was at once apparent that the town by itself could take no effect- 
ive steps to alleviate the trouble, as the backing up of the waters of 
Wellington Brook upon Belmont lands was due to obstructions further 
down stream within the limits of Cambridge. Cooperation with the 
Board of Health of that city seemed to be the only remedy, and early 
in the fall of 1900, through the united action of the Boards of Health 
of Cambridge and Belmont, a considerable area of worthless and un- 
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wholesome territory in the \icinily nf Hill's Crossing was readily and 
successfully reclaimed. 

For this purpose a broad new channel, lO feet wide and 4 feet deep, 
was constructed from the point where Wellington Brook enters Little 
River to the Belmont line, a distance of half a mile. This has so thor- 
oughly drained the immediate district that the water level has in some 
places sunk more than 40 inches. Farther up the stream in Belmont, 
lands which were untier water last summer — one of the dryest sea- 
sons in many years — have been so thoroughly reclaimed thai they 
are now dry and available for cultivation. The map and photographs 
will ser\'e to show the extent and character of this work better than 
any merely verbal description could possibly do, and to them the reader 
is referred for detailed information. 

The wtirk which has already been done throut^h the combined action 
of the Boards of Health of Cambridge and Belmont, has cost about 
fi,6oo, of which Cambridge's share was $1,100, and Belmont's, $500, 
No assessment upon any of the landholders has been made by either 
of the Boards, as it was held that these unsanitary conditions were 
brought about through natural causes, and that their remjjval was for 
the common good of the public at large. 

While Belmont has no further cause of complaint in su far as her 
own lands are directly concerned, that town is ne\'ertheless near enough 
lo a portion of territory which still remains undrained to feel its evil 
effects. It is to be hoped that .some method will soon be devised 
whereby the towns and cities chiefly concerned (Belmont, Arlington, 
Cambridge and Somerville) may cooperate and adopt some definite 
measures concerning the sanitary treatment of these lower marshes 
for their mutual benefit, and also for the benefit of the public at large, 
as the condition i>f these may materially affect the health of other 
Dcar-by towns. 

There is still much to be done before some of the neighboring 
territi>r>' can be brought into a healthful and useful state. To accom- 
plish this the cooperation of Arlington, Somerville and Cambridge with 
Belmont is indispen.sable. The placing of tide-gates at the mouth of 
Alewifc Brook where it empties into Mystic River would remedy exist- 
ing evils at comparatively small expense. This whole neighborhood pos- 
sesses many natural beauties, and if developed, could be made whole- 
some and attractive, instead of what it now is, an unsightly area of 
waste and swampy lands, and a menace to the public health. 
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A map of the Fresh Pond marshes and some of the contiguous ter- 
ritory has been prepared under the author's direction and is shown 
above. The boundaries of the cities and towns immediately concerned 
are clearly indicated, as are also the course of Wellington Brook, Ale- 
wife Brook, and the location of the Mystic River, as well as of the 
new channel which has already proved so effective. 

Photographs made by the author illustrating what has been done, 
as well as the need of still further improvements in the lower ]xirt 
of the territory under consideration, are apj^ended. The legend under 
each will suffice for its explanation. The points where the photo- 
graphs. Figures i, 2, 3, etc., were taken, are indicated on the map 
by corresix)nding numerals enclosed in circles, and in several cases 
small arrows adjoining the circles show the direction in which the 
camera was pointed. 

NOTE ON DRAINAGE AND MOSQUITOES. 

"After all, the best of the means which may be adopted against 
mosquitoes will always consist in thef abolition of their breeding places. 
Small pools with stagnant water can be * treated,* but it is a great deal 
better to drain them or to fill them up. Swamp areas must sooner or 
later be drained. It is perfectly obvious that the sooner this is done 
the better from every point of view, not only from that of human 
health, but from the increased value of real estate in the neighborhood, 
and from the practical value of the reclaimed land itself. The time is 
coming, and rapidly, when this drainage of large swamps will not remain 
a matter which concerns the individual owner of the land, but one for 
town or county action, and even for States. The report of T. J. Gard- 
ner on the policy of the State respecting drainage of large swamps, 
published in the Report of the Board of Health for New York, Albany, 
1885, although antedating the recent important mosquito discoveries, is 
weU worth reading by all public-minded persons, and the annual reports 
of the State Geologist of New Jersey, for 1897 and 1898, in which the 
reclamation of the great Hackensack Meadows, near Jersey City, New- 
ark, and Elizabeth, New Jersey, make interesting reading along this 
line. Work on these marshes has actually been begun. The solution 
of this case is taking the form of separate action by cities and their 
municipalities, each improxing the territory within its corporate limits. 
The city of Newark has a tract of 4,600 acres of marsh within its 
limits. Jersey City has within its limits 2,086 acres of tide-marsh, 
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and Elizabeth has 2,658 acres. The three cities, therefore, have about 
8,700 acres of the 27,000 acres lying between Elizabeth and Hack- 
ensack. The sanitary importance of reclaiming these lands is of the 
greatest, but the capabilities of the improvement plans are also attracting 
attention on the part of capitalists and business men, who see in these 
tide-lands valuable sites foi* manufacturing, industrial, and commercial 
activity." — Professor L. O. Howard, Entomologisty United States De- 
partment of Agriculture. " Notes on the Mosquitoes of the United 
States," p. 63. Washington, 1900. 
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Boston, January 24, 1901; 

The 547th regular meeting of the Society of Arts was held on 
this clay at the Institute, Rogers Building, at 8 p.m., Professor Swain 
presiding. Forty-five persons were present. 

The following were elected to Associate Membership : P. Schuyler 
Miller, Assistant Chemist, Department of Water Supply, Brooklyn ; 
William C. E\ving, Civil Engineer ; Henry R. Batcheller, Mining Engi- 
neer. The records of the previous meeting were read and approved. 

Mr. William H. Lincoln, President of the Boston Chamber of Com- 
merce, was introduced and gave a most interesting and comprehensive 
talk on " Shipment of Freights to Europe." The diminution in the 
rate of freights, and the change in the methods of transportation from 
sailing vessels to immense freighters, have enabled the United States to 
compete \yith the world in commercial enterprises. I^st year the 
balance of trade was over $600,000,000 in our favor, almost wholly with 
Europe, and chiefly with Great Britain. England purchases over $400,- 
000,000 more in supplies from the United States than we import 
from her. 

Since the invention of the ammonia process of refrigeration, the 
exportation of fresh meats to England has increased enormously, re- 
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suiting in the lowering of the price of meat in England to one-half. 
Likewise the shipment of live stock has increased. The industry was 
started in 1875 and carried on for several years at a loss. Often the 
entire cargo would be swept away during a storm, or die of exposure. 
At present the methods of transportation have become so perfected, 
that last year the I^yland Line carried 30,000 head of cattle with a 
loss of only 18. 

Of the .world's crops, the United States produces : 80 per cent, cot- 
ton ; 80 per cent, corn; 30 per cent, provisions ; 25 j)er cent, wheat; 
80 per cent, iron; 33 per cent, coal; 40 per cent, steel. Our manu- 
factured products exceed those of England, France and Germany com- 
bined. Mr. Lincoln's paper is published in the Technology Quar- 
terly for March, 1901. 

In the discussion which followed, Professor Swain referred to the 
manufacture of Portland Cement as an illustration of our ability to 
enter and successfully compete with well-established European indus- 
tries. The thanks of the Society were extended to Mr. Lincoln for 
his instructive address. 



Boston, January 31, 1 90 1 . 

A special meeting of the Society of Arts was held on this day at 
the Institute, Rogers Building, Professor Cross presiding. One hundred 
and seventy-five persons were present. The report of the previous 
meeting was read and approved. 

Professor George E. Hale, Director of the Yerkes Observatory, 
spoke on " Astronomical Photography with the great Visual Telescope 
of the Yerkes Observatory." This telescope, which has a 40-inch 
objective and 64-fo()t tube, is the largest refracting telescoj^e in the 
world. Though constructed for visual observation. Professor Hale has 
succeeded in using it for photographic work, obtaining results due to its 
tremendous resolving power. 

Owing to this power of separation, the hearts of star clusters have 
been resolved into thousands of stars, and details of the moon obtained, 
surpassing all previous work with telescopes especially designed for 
photographic work. Spectroscopic attachments to the telescope have 
enabled the constitution of stars and their life history to be carefully 
studied, likewise the velocity of stars in the line of sight, and of gas 
eruptions on the sun*s surface. 
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The spectroheliograph, devised by Professor Hale, permits the study 
of the sun's surface with one color of the spectrum to the exclusion of 
all others, a method which has already led to important results concern- 
ing the sun's surface. Indeed, a large field for research was mentioned 
as open to the astronomer, using large visual telescopes as photographic 
ones. 

It is to be observed, however, that the objectives of visual telescopes 
are constructed of glass which is transparent to waves capable of stimu- 
lating the sensations of light, but not to exceedingly short ones. Con- 
sequently such visual telescopes cannot be used in the photographic 
study of the invisible portions of the spectrum. 

The thanks of the Society were most heartily extended to Professor 
Hale for his able, clear and very instructive lecture. 



Boston, F^ebruary 14, 1901. 

The 548th regular meeting of the Society of Arts was held on 
this day at the Institute, Rogers Building, at 8 p.m.. Professor Chandler 
presiding. Two hundred persons were present. After the regular 
business had been transacted, Mr. Robert S. Peabody, President of the 
American Institute of Architects, spoke on " The Designing of the 
Buffalo Exposition." 

A most interesting account was given of the method followed by 
the eight prominent architects who were chosen to design the Exposi- 
tion grounds and buildings. Each member of the committee was re- 
quested to present a sketch which should embody his ideas regarding 
the most suitable and artistic plan for an Exposition. At the first meet- 
ing of the committee, these plans were carefully discussed, the remarks 
being recorded by stenographers. After the meeting, each member was 
presented with a copy of these criticisms and suggestions, and requested 
to present a new scheme at the second meeting. In this way a satisfac- 
tory plan for the Exposition was obtained. The same method of frank 
criticism was followed in the designing of the buildings, over twenty in 
number. Some of the latter' are to form permanent additions to the city 
of Buffalo, such as the New York State Building, afterwards to become 
the home of the Buffalo Historical Society and the Art Museum. 

The present Exposition will differ from the Chicago Exposition in 
many ways. The buildings will be constructed with projecting eaves, 
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with large tiled roofs, and will be decorated in the most intense colors. 
Sculpture will be used in profusion for decorative purposes. Many 
views were shown of the original sketches, the buildings which are 
already near completion, and groups of statuary. 

The selection of Buffalo as the seat of the Pan-American Exposition 
seems to have been an excellent one, owing to its nearness to Niagara 
Falls, also to the fact that over 40,000,000 people reside within one 
night's ride of the city. 

The thanks of the Society were extended to Mr. Peabody by Pro- 
fessor Chandler. 



Boston, February 28, 1901. 

The 549th regular meeting of the Society of Arts was held on this 
day at the Institute, at 8 p.m., in Room 22, Walker Building, Professor 
William H. Niles presiding. Two hundred and sLxty j^ersons were 
present. After the regular business had been transacted, Mr. Gifford 
Pinchot, Chief of the Division of Forestry, Washington, D. C, was 
introduced and spoke on " A Forest Policy for the United States.** 

The speaker introduced the subject by showing a map of the Forest 
belts which cover about 37 per cent, of the territory of the United 
States, after which slides were shown and explained illustrating the 
character of the timber growth of these belts, likewise the effect of 
forest fires, and the ruinous policy which is being pursued by the miners 
and farmers in the South and West. In some mining districts wood is 
used extensively as fuel, owing to the great exi^cnse of coal, without 
any adequate provision being made to replace the same. Moreover, in 
the South and West large tracts of excellent timber are destroyed to be 
converted into very poor farming land. The speaker referred to the 
influence of forests upon climatic conditions, and especially emphasized 
the dependence of the 200 millions acres of land devoted to agriculture 
in Oregon for its water supply upon the preserv'ation of the forests in 
that state. 

The latter part of the lecture was devoted to a consideration of the 
features which must dominate any forest policy adopted by the United 
States Government. The methods successfully followed in Germany 
are impracticable in this country, owing to the difference in the customs 
and habits of the people. With us, moreover, the lumber industry is 
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an exceedingly important one, the amount of lumber used per head 
being greater than anywhere else in the world. Consequently any gov- 
ernmental policy must preserve the forests, and at the same time con- 
sider these rights and interests. In this country, also, great damage 
results from forest fires, which are seldom known in Germany. Experi- 
ence has shown that the following factors should be considered in the 
framing of any forest policy for the United States : 

1. Geography of the timber belt. 

2. National habits of mind. 

3. Grazing interest. 

4. Fires. 

5. Large lumber interests. 

6. Relation of forests to water supply. 

7. The tax rate on timber land. This should never be so high as 
to prevent the owner from holding the land for timber. 

8. A Bureau should be established in Washington to which persons 
could come or write for advice and information. 

9. There should be a body of young men trained in forestry to 
take charge of a fqrest policy and put it into successful operation. 

At the close of the lecture remarks were made by Mr. Egerton, 
recent Chief of the Division of Forestry ; Mr. Harvey N. Shepard, 
Chairman of the Board of Trustees of the Appalachian Mountain Club 
Real Estate ; and Professor Fay, of Tufts College. 

The thanks of the Society were extended to Mr. Pinchot for his 
raost interesting and instructive lecture. 



Boston, March 14, 1901. 

The 550th regular meeting of the Society of Arts was held on 
this day at the Institute, at 8 p.m., Mr. George W. Blodgett presiding. 
Ninety-five persons were present. After the regular business had been 
transacted, Dr. Henry F'ay, Assistant Professor of Metallography at 
the Institute, was introduced and spoke on "The Use of the Micro- 
scope in the Study of the Chemical Constitution and Physical Prop- 
erties of Metals." The need of some method of investigation for 
distinguishing between steels of the same composition, but of differ- 
ent physical properties, led to a microscopic study of the structure. 
The foundations of this microscopic analysis were laid by Sarby, and 
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extended by Martens, Osmond, Roberts-Austin, Stead, Sauveur and 
others. 

It was found that an exact analog)' existed between solutions and 
alloys — steel itself acting as an alloy. This analogy is most advan- 
tageously shown, I St, by a study of the fusibility curves ; 2d, by exam- 
ination of polished and etched sections with the microscope. 

The fusibility curves of alloys have been found to fall under three 
general classes : 

I. Two metals which form solid solutions give a straight-line curve 
connecting the two melting-points. Examples of this class are the 
alloys of silver and gold, and bismuth and antimony. 

II. Two metals which neither form solid solutions nor compounds, 
give a two-branch curve, meeting in an eutectic point, which is lower 
than the melting-point of either metal. Typical examples of this class 
are the alloys of tin with bismuth, lead, and zinc, and the alloys of zinc 
with aluminum and cadmium. 

III. Two metals which form one or more compounds give a curve, 
the number of branches of which is 2;/ -4- i where ;/ represents the 
number of compounds. In this class one of the compounds may form 
a solid solution with one of the pure metals, which would, consequently, 
modify the character of the curve, and therefore change the number of 
branches. Examples of this class arc the alloys of copper with anti- 
mony, tin, and bismuth ; those of aluminum and gold, antimony and 
zinc, and tin and nickel. 

The study of the microstructure of these three classes of alloys 
confirms very decisively the fusibility curves. In the first class it is 
known that the solvent and dissolved substance separate out together. 
The microstructure of metals which form solid solutions shows a homo- 
geneous mass in which it is difficult, if not impossible, to distinguish 
between the two constituents. In the second class, where the freezing- 
point of the pure metal is considerably lowered by the addition of the 
other metal, there is first a separation of pure solvent, and as the tem- 
perature of the solution is lowered, the pure metal continues to separate 
until the concentration of the resulting solution has reached that of the 
eutectic alloy, when the mass solidifies as a whole. The microscopic con- 
stituents, consequently, should be pure metal and the eutectic, the 
amount of each depending upon the proportion of the two constitu- 
ents. As the eutectic is the alloy in which the two constituents are 
each saturated with the other and the two separate simultaneously, we 
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find a structure made up of alternate layers of the two metals. The 
structure for all eutectics is very characteristic, resembling the fine line 
markings of the thumb. The eutectic may consist of two metals, a 
metal and a compound, or two compounds, but in all cases its struc- 
ture is characteristic. The presence of compounds in the third class is 
usually recognized by their crystalline form, the forms of some of them 
being very characteristic, such as is the case for the compound SnCug. 
When, however, a compound forms a solid solution, the detection of 
the two constituents is much more difficult. 

The microstructure of alloys was illustrated by photographs of lead- 
tellurium alloys. 

Steel was considered as an alloy of iron and carbide of iron, and 
was shown to belong to the second class of alloys. The microstructure 
of steels subjected to various heat treatment was illustrated by photo- 
micrographs. 

The thanks of the Society were extended to Dr. Fay for his 
instructive address. 



Boston, March 28, 1901. 

The 551st regular meeting of the Society of Arts was held on 
this day at the Institute, at 8 p.m., in Room 22, Walker Building, Presi- 
dent Pritchett presiding. Over three hundred and fifty persons were 
present. The following persons were elected to Associate Membership : 
Mr. F. F. Low, loi Milk Street, Boston; Mr. R. G. Hall, Pueblo, Col- 
orado; Professor C. E. Fuller, Massachusetts Institute of Technology; 
Dr. F. J. Moore, Massachusetts Institute of Technology ; Mr. R. R. 
Laurence, Massachusetts Institute of Technology ; Mr. C. W. Berry, 
Massachusetts Institute of Technology; Mr. C. H. Hapgood, Massa- 
chusetts Institute of Technology. 

Dr*. M. I. Pupin, Professor of Electro-Mechanics at Columbia Uni- 
versity, spoke on " Electrical Wave-Transmission." Experiments on 
the propagation of waves over cords were shown. A resume of the 
lecture will be found below, pages 89-9 1 . 

The thanks of the Society were most heartily extended to the 
speaker for his interesting, instructive, and clear presentation of the 
subject. 

George V. Wendell, Secretary. 



82 Alfred is. Burton and John F. Hayford. 



TESTS OF THE MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY TAPE APPARATUS. 

By ALFRED E. BURTON, S.B., Professor of Topographical Engineering, Mas- 
sachusetts Institute of Technology, 

AND 

JOHN F. HAYFORD, C.E., Inspector of Geodetic Work, United States Coast and 

Geodetic Survey. 

Introductory Note. 

Alfred E. I^urton. 

The so-called ** Massachusetts Institute of Technology Tape Ap- 
paratus," is an indirect product of the Summer Schools of the Civil 
Engineering Department. As early as 1888, at the Summer School 
held at South Deerfield, Massachusetts, a base line was measured with 
the suspended steel tape. During this and the following two years, 
the apparatus used was similar to that employed by the Missouri 
River Commission in 1885, slightly modified to increase the speed of 
measurement. In 1891, Mr. Harry C. Bradley and Mr. George A. 
Campbell took for their thesis the subject of base measuring with the 
steel tape. To Mr. Bradley is due the design of an automatic stretch- 
ing device which makes it easy to secure a uniform tension, the value 
of which can be determined to a fraction of an ounce. Mr. Cam[)bell 
designed an apparatus to determine the coefficients of expansion of 
tapes in air. He also suggested and discussed the method of deter- 
mining the expansion of the tape by a measurement of its electrical 
resistance. In 1892, Mr. William C. Thalheimer in his thesis con- 
tinued the work on the coefficients of expansion of steel and brass 
tapes begun by Mr. Campbell. In 1892, measurements were made 
with the steel and brass tapes, using their relative coefficients of 
expansion, for the determination of the temperatures. That year, 
several measurements were made at night, and in this work the 
actual differences between measurements did not exceed one part in 
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a million. At the Summer School held at Keesville, New York, in 
1893, Mr. Campbell took direct charge of the base measurements 
in order to test, in the field, the method of determining electrically the 
expansion of the tape due to temperature changes. The degree of pre- 
cision obtained was highly satisfactory, but the field work was slow, 
for the Wheatstone Bridge employed was not adapted for rapid work. 
The necessary modifications could not be attempted at the time, but 
were later found embodied in a form of Wheatstone Bridge for temper- 
ature measurements, invented by two of the Institute graduates. 

In 1895 a paper' was read before the Society of Arts by 
Mr. George C. Whipple, graduate of the class of 1889, describing 
"The Thcrmophone '* recently invented by Henry E. Warren, '94, 
and himself. At this time it occurred to the writer that here 
was an instrument for solving in the simplest manner the long- 
vexed problem of the determination of the temperature of a steel 
tape when used in base measuring. The thermophone, with slight 
modifications, could be .made to do the work expeditiously and 
satisfactorily. Messrs. Warren and Whipple entered into the scheme 
gladly, and both lent their aid towards the final solution. Mr. Warren 
in the Summer School of 1896, held at Machias, Maine, took direct 
charge of the base measurements and obtained results that sur- 
passed the most sanguine expectations. Meanwhile, in 1895, Messrs. 
Francis E. Matthes and Gerard H. Matthes had taken up steel 
tape measurements as a thesis, and they undertook and carried 
through in a most satisfactory manner the calibration of a thermo- 
phone for the 100-meter steel tape, and the 100-meter German silver 
wire. The thermophone, as completed by these students, reads 
directly the mean temperature of the tape to a tenth of a degree 
Fahrenheit. 

The above account gives a brief history of this tape apparatus up 
to the time the test was made by the United States Coast and Geo- 
detic Survey, in November, 1900. In this test many of the minor 
appliances that had been used to further increase the accuracy of 
measurements were left out, the officers of the Coast Survey consid- 
ering that we were needlessly increasing the refinement of measure- 
ment and thus decreasing the speed of work. The measurements at 
the Summer School have always shown a smaller probable error than 
was brought out by the test. 



'See Technology Quarterly, July, 1895. 
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It appears to the writer that in this evolution of a base measuring 
apparatus there is an interesting example of thesis work which has 
tended to develop the faculty for original research. 

A number of students' names have been mentioned as directly 
concerned in the development of this apparatus, but it would only be 
fair to say that valuable suggestions have been from time to time 
received from other students, and from several of the instructors at 
the Summer Schools. 

Tests of the Massachusetts Institute of Technology Tape 
Apparatus, Made by The Coast and Geodetic Survey 

IN November and December, 1900. 

John F. Hayford. 

The object of these tests of the Massachusetts Institute of Tech- 
nology tape apparatus was to determine its adaptability to the meas- 
urement of primary bases by the Coast and Geodetic Survey. In 
considering these tests it should be kept clearly in mind that results 
of the extremely high degree of accuracy which are stated to have 
been obtained with this apparatus are unnecessary in connection with 
primary triangulation. The base measurement is ordinarily the strong- 
est part of the work, and very little accuracy is gained by reducing 
the probable error of a base further after a probable error of one part 
in 500,000 has been obtained. In making the tests it was continually 
kept in mind that what was wanted was a method of measurement 
which should be as rapid as possible while securing a probable error 
not exceeding one part in 500,000. 

Two full days were devoted to the tests in November at Washing- 
ton, and three afternoons on the Alice Base Line in southern Texas 
in December. 

The tests made at Washington consisted of repeated readings on 
a single tape length between fixed points, the tape being supported 
at intervals of 25 meters on nails or a wooden arm. One end of the 
tape was fixed rigidly, and the readings taken at the other end. No 
glass rollers were used to relieve the friction at the reading end. 
The conditions differed from those ordinarily encountered in the 
measurements by students at the Massachusetts Institute of Technol- 
ogy, in that the support interv^al was changed from 10 to 25 meters; 
that there was considerably more friction at the fixed nails or other 
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supports than with the swinging hook supports ordinarily used ; and 
that a little extra friction was encountered at the reading end. The 
conditions as stated were similar to those which are allowed to exist 
with the 50- and 100-meter tapes actually in use during this season in 
the Coast and Geodetic Survey base measurement, and it was believed 
that the desired accuracy, namely, a probable error of one part in a 
half million, could be obtained under these conditions. On Novem- 
ber 13, ninety readings of a single tape length were taken between 
10.24 A.M. and 8.54 P.M., and on November 19, seventy readings be- 
tween 10.10 A.M. and 7.51 P.M., by Mr. L. A. Fischer, Adjuster, 
United States Office of Standard Weights and Measures, and the 
writer. On each day the temperature conditions varied greatly, part 
of the measurements being made in bright sunlight, a part with one 
portion of the tape in sunlight and another in shade, other measure- 
ments being made during daylight but with the sun under a cloud, and 
the latest measurements on each day bein^ considerably after sunset. 
The measurements all being reduced to a fixed temperature, using the 
known coefficient of expansion of the tape, showed a total range of 
2.3 millimeters on the first day, and 2.6 millimeters on the second. 
On taking the sums of the measurements in successive groups of 
ten, corresponding to measurements of i kilometer each, the total 
range was 8 millimeters on the first day, and 7 millimeters on the 
second. These ranges arc no greater than are obtained in the reg- 
ular base work of the Survey which serves to give a probable error of 
one part in a million or less on each base, and therefore indicate that 
even under these conditions the tape gave sufficiently accurate results 
for the required purpose. 

On December 10, on the Alice Base Line, Professor A. E. Burton 
and the writer spent the afternoon in making measurements of a 
single tape length, the tape being supported upon tripods. This 
afternoon's work was of little value except as preparation for the 
later tests. Similarly, on December 13, i kilometer of the base was 
measured once with the aid of the base party under Mr. A. L. Bald- 
win, and served mainly to give the party practice with the apparatus. 
On December 17 a section of the base nominally ^- kilometer long 
was measured six times with the aid of the base party, two or more 
readings o^ the tape and thermophone being taken in each position. 
During these measurements instrument tripods, modified slightly to 
adapt them to the purpose, were used as marking points for the ends 
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of the tape, and the middle point of the tape was supported on one of 
the tripods ordinarily used with the base bars. The tape, therefore, 
hung in two catenaries, each 50 meters long. At the middle support 
the tape rested across a heavy metallic roller which ordinarily supports 
one end of a base bar. This roller served to relieve the friction to 
a small extent, but was, doubtless, less effective for that purpose than 
the swinging hook. The tension was applied with the Massachusetts 
Institute of Technology tension apparatus, and was 7.38 kilograms. 
The results of the measurements cannot be given in absolute units 
as, at the date of writing, the length of this section of the base 
has not yet been comi)uted by the base party. The residuals from 
the mean of the six measures were, however, + 2.40 millimeters, 
— 3.12 millimeters, — .82 millimeter, +.37 millimeter, — .64 milli- 
meter, + 1.84 millimeters. 

During the first two measurements no friction rollers were used 
at the reading end of the tiipc. During the remaining four measure- 
ments a small roller was used for that purpose, and the residuals show 
clearly the increased accuracy gained thereby. 

A study of the results, and especially of the readings taken in 
quick succession with the tape in a given position, indicates that while 
with the 50-meter interval between supports the required degree of 
accuracy could probably be obtained during perfectly still weather, the 
effect of the wind upon the apparent length of the tape is so great 
that under ordinary conditions this interval is too great for safety. 
The total time required to make these six measurements of the half- 
kilometer section was 250 minutes, or 83 minutes per kilometer, in 
spite of various delays due in part to inexperience with this apparatus, 
and in part to defects in the apparatus itself which may easily be 
remedied. 

A mere statement of the numerical results of the tests as given 
above indicates but poorly the information furnished by them. During 
the tests as careful studies as possible were made of the detail of the 
method and the apparatus. The results of these studies can be most 
conveniently stated in a readable form as an opinion upon the appa- 
ratus as a whole. 

The three principal advantages of the thermophone method of 
determining the temperature of the tape are : 

I. That the thermophone gives a determination of the actual tem- 
perature of the tape, regardless of whether the heat reaches the tape 
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in the radiant form or otherwise ; whereas the ordinary mercurial .ther- 
mometer receives at its bulb less radiant heat than a steel tape ex- 
posed under the same conditions, and, therefore, indicates too low 
a temperature when used in daylight. Attempts to get rid of this 
error by blackening the bulb of the thermometer or sheathing it with 
metal have proved unsuccessful, and it has, therefore, been absolutely 
necessary up to the present time to use steel tapes at night only when 
results of a sufficient degree of accuracy for geodetic purposes were 
required. 

2. The thermophone furnishes an instantaneous determination of 
the temperature of the tape, whereas the mercurial thermometer re- 
sponds much more slowly to changes of temperature than the tape, 
and therefore gives indications which are considerably in error at any 
instant whenever rapid and irregular fluctuations of temperature are 
in progress. 

3. The thermophone furnishes a measurement of the actual mean 
temperature of the whole length of the tape, whereas with mercurial 
thermometers all that can be hoped for under the best possible condi- 
tions is a determination of the tape temperature at two, three, or more 
points at which thermometers are placed. 

In regard to the Massachusetts Institute of Technology Tape 
Apparatus as a whole, the writer is convinced : 

1. That with the thermophone apparatus in its present form, and 
using all refinements, measurements can be made, even in daylight 
and when the temperatures are varying rapidly, with a much higher 
degree of accuracy than is possible with tapes and mercurial thermom- 
eters even under good conditions at night. 

2. That after the apparatus has been modified and strengthened 
at certain points with reference to making it proof against compara- 
tively rough usage and capable of quicker manipulation, certain refine- 
ments being omitted, much more rapid measurements can be made 
with it than with any form of bars, and probably more rapid than with 
the present form of tape apparatus, if the tripod method rather than 
the stake method is used. 

3. That it can be used efficiently with no more previous prepara- 
tion of the ground than is necessary for bar measurement by substi- 
tuting tripods for the marking stakes at the tape ends and for the 
intermediate supports. 

Base measurements with bars have ordinarily been made with the 
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bars supported upon portable tripods. It has not been feasible to 
measure primary bases with tapes similarly supported upon tripods, 
since it was absolutely necessary to make the measurements at night 
to secure the necessary degree of accuracy with the means heretofore 
available for determining the temperature. The thermophone appara- 
tus determines the temperature with all necessary accuracy in daylight. 
Hence, it is now possible to substitute tripods, or other portable sup- 
ports, which may be placed in position as the measurement progresses, 
for the fixed stakes which have heretofore been used. With a well 
organized base party familiar with the work, the setting of the stakes 
requires considerably more time than the subsequent double tape 
measurement of the base. For example, the base party which has 
just finished its operations, found it possible to make two measure- 
ments of each kilometer of the base in from i to i^^^- hours upon an 
average, whereas the setting of the stakes on a single kilometer re- 
quired 2\ to 3 hours, six or eight men being required for the tape . 
measurement, and four for the stake setting. If the Massachusetts 
Institute of Technology Tape Apparatus is used upon stakes, no time 
can be saved in the measurement, and the only thing that will be 
gained by substituting it for the tape apparatus at present in use in 
the Survey, using mercurial thermometers, is that the measurements 
may be made in daylight, instead of at night. If tripods are substi- 
tuted for stakes, however, the only previous preparation of the ground 
other than clearing it, is a very rough preliminary measurement made 
with a tape dragged upon the ground, requiring, say, 45 minutes per 
kilometer for a party of three men ; and this rough measurement is 
necessary even when bars are used. It is to the Massachusetts Insti- 
tute of Technology Tape Apparatus used upon tripods or other tempo- 
rary supports, rather than upon stakes, that one must look for gain in 
time over thf tape methods now in use in this Survey. 

In closing, it may be noted that the attempt to substitute a 
50-meter support interval for the 25-meter interval now in use was 
made because such a change, if feasible, would be conducive to very 
rapid work with a tripod method, the number of necessary supports 
being greatly reduced. 
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ELECTRICAL WAVE-TRANSMISSION. 

By MICHAEL I. PUPIN, Ph.D. 
Read March 28, 1901. 

Electrical wave-transmission over a wire conductor has a mechan- 
ical analogy in wave-transmission over flexible cords. The application 
of a force to one end of a cord develops three reactions : mass, ten- 
sional, and frictional reactions. The energy used up in overcoming the 
first two is non-dissipative, i.c.y it is stored up in the cord along which it 
is propagated ; whereas, the energy consumed against frictional reaction 
is wasted as heat. Consequently, if there be sufficient frictional resist- 
ance, the wave will not extend far from the point at which the impressed 
force is applied before the energy imparted to the cord (as kinetic and 
tensional energy) becomes dissipated as heat. In the case of wave- 
transmission along a cord, it is this dissipativc factor which causes the 
wave attenuation. 

Similarly, when an alternating electromotive force acts on an electric 
circuit, the energy imparted to the wire conductor encounters three 
reactions : inductafue reaction, which is the same in form as the kinetic 
reaction of a vibrating cord and is non-dissipative, its work being stored 
up in the system as magnetic energy ; capacity reaction, the law of action 
of which is identical with the law governing the tensional reaction in 
strings, likewise non-dissipative ; resistance reaction, in the overcoming 
of which heat is generated, therefore it is dissipativc. Consequently 
in electrical wave-transmission, the energy is continually dissipated as 
heat on account of the resistance reaction and causes the attenuation 
which limits telephony over long conductors, particularly over cal)les. 

Evidently, to diminish the attenuation in either of the above cases 
the non-dissipative factor must be made larger in comparison with the 
dissipativc or frictional reaction, since a relatively smaller dissipation of 
energy would result. The conclusion is that the transmission over 
cords must be better through a dense medium, or cord, since the mass- 
reaction is thereby increased. 
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To illustrate this point, a light cord lying on an inclined rough sur- 
face may be set into j^eriodic \i brat ion at one end by a suitable mechan- 
ism. Owing to friction, the wave energy on the cord is projxigated only 
a short distance, the attenuation being very marked. On increasing the 
tension and thereby increasing the tensional reaction, the wave pro- 
gresses much further. By substituting a cord of larger mass, the dis- 
tance of the wave propagation may be noticeably increased. With a 
given cord, if the tension has been increased as far as possible, what 
may be done to diminish the attenuation } Assuming that a heavier 
cord cannot be substituted, the effect of a cord of large mass may be 
secured by loading the cord with sinkers of metal at periodically recur- 
ring points. Certain experiments demonstrate clearly and beautifully, 
that the transmission can be much improved in this manner, provided 
the sinkers are suitably arranged. 

The following conclusions were drawn from the above experiments : 
(i) It is more efficient to transmit energj- over a heavy than a light 
cord. (2) A cord, if periodically loaded, may be made equivalent within 
any degree of approximation, to a heavier uniform cord. It is to be 
observed that the distance between consecutive loads must be smaller 
than the length of the wave which is transmitted. 

Similar experiments suggested to the author, in the earlier stages of 
the research, the manner of attacking the electric problem. In any 
circuit the magnetic inductance (a source of non-dissipative reaction) is 
limited. It is well known that coils of wire possess large inductance, 
consequently such coils should act for an electric circuit in the same 
way that sinkers do for a cord, and the problem of electrical wave-trans- 
mission should reduce itself to the placing of inductance coils at proper 
periodically recurring points on the wire. 

In order that such a non-uniform, or loaded, conductor may act as a 
uniform conductor of large inductance, it is necessary from mathemat- 
ical analysis to distribute the loads at periodic distances which are small 
in comparison with the length of wave which is being propagated. 

Since electrical waves in telephony are many miles long, it was im- 
possible to carry out investigations on an actual line. An artificial 
cable, equivalent to 250 miles of line, was arranged in the laboratory at 
Columbia University, and inductances were placed at jjeriodically recur- 
ring points. The current was measured and the waves plotted for the 
250 miles. Using several frequencies the results of measurements were 
compared with the mathematical theory, and were in splendid agreement. 
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The practical value of this discovery is: (i) That wave-energy for 
telephony and telegraphy may be transferred over much greater dis- 
tance. (2) If the distance remain constant, it enables wires of smaller 
size to be used, thus decreasing the cost of installation. (3) With the 
same weight of wire as in use at present, the distance of transmission 
may be greatly increased. 

In the Atlantic cable, owing to the small magnetic reaction, and also 
small capacity reaction, the resistance reaction predominates by far, and 
the dissipation of energy is therefore enormous. By a proper distribu- 
tion of inductance coils at periodically recurring points, say J of a mile 
apart, the inductance reaction can be made very much larger than the 
resistance reaction for all frequencies which are of importance in 
telephony, and thus the dissipation diminished to any desired limit. 
The discovery may, and it is confidently expected that it will, result 
in the telephonic transmission across the Atlantic. 
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Contributions from the Laboratory of Sanitary Chemistry. 

II. 
AIR TESTING FOR ENGINEERS, 

By a. G. woodman and ELLEN H. RICHARDS. 

The increased amount of carbon dioxide above the normal is usually 
relied upon as an indication of the extent of vitiation of atmospheric 
air. Hence sanitary engineers, architects, and building inspectors who 
have occasion to test the efficiency of ventilating systems for private 
and public buildings, schoolhouses, and halls, are often required to 
make numerous approximately quantitative determinations of atmos- 
pheric carbon dioxide. 

For this purpose the usual laboratory methods for the exact esti- 
mation of carbon dioxide in the air are not suited. Such methods 
require the passage of a considerable volume of air for a long time 
through the absorbing solution, or else the collection of definite vol- 
umes of air for subsequent examination, and the use of carefully 
standardized solutions which must be preserved out of contact with the 
air and must be accurately measured. The analytical process demands 
a high degree of skill on the part of the operator, the value of the 
results obtained being in direct ratio to the care exercised in the col- 
lection and examination of the samples. For a comparatively small 
number of tests made in or near the laboratory where the highest 
degree of accuracy is desired, these methods are of great value, but 
for the demands of engineering practice, where in the course of a few 
hours from fifty to one hundred tests are to be made, and where com- 
parative results rather than great accuracy are required, some simpler 
form of apparatus is desirable. 

Such an apparatus, to be satisfactory, should meet, so far as pos- 
sible, the following requirements: 

(i) It should be sufficiently compact and portable to be carried in 
the hand from place to place, and should contain within itself every- 
thing required for the complete determination of the carbon dioxide. 
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(2) It should be as simple in construction as possible, and its use 
should not involve delicate measurements ; if automatic in its action, 
so much the better. 

(3) If possible, the apparatus should be made entirely of glass, 
avoiding prolonged contact of corks or of rubber connectors with any 
dilute solution which may be used. 

(4) It should be so constructed as to protect the solution at all 
times from the carbon dioxide of the air, especially while the deter- 
mination is being made, because of necessity such an apparatus must 
be used within the area of contamination. 

(5) The complete apparatus should be sufficient for fifty or more 
determinations. 

(6) It must be capable of giving results of a reasonable degree of 
accuracy, say within 0.5 part of carbon dioxide in 10,000 parts of air, 
in the hands of persons having little or no chemical knowledge and 
minimum skill in manipulation. 

(7) If a solution be used in the apparatus it should be one which 
can be prepared easily from chemicals readily obtained ; the solution 
must maintain its efficiency for a reasonable length of time, if pro- 
tected from external influences ; and the solution should be one which 
it is not at all dangerous or obnoxious to use. 

Experience with several forms of simple apparatus which have been 
proposed has shown that none of them answers perfectly to the above 
requirements. Methods which were satisfactory a few years ago are 
no longer reliable. The question at present is not whether the air con- 
tains 15 or 20 parts of carbon dioxide per 10,000, but whether it 
contains 5 or 8. 

Simplicity of apparatus is much to be desired, but it should not be 
gained at too great sacrifice of accuracy. Even when no greater pre- 
cision is required than is necessary to meet the demands of practical 
work, it is out of the question to measure the test solution by means 
of an ordinary pipette or to preserve it for any length of time in 
stoppered vials ; the strength of the solution is almost certain to be 
reduced by contamination with the breath, by contact with rubber 
or cork. In the directions given for the use of these simple forms of 
apparatus, not enough stress is laid upon the necessity for extreme 
care in the use of these very dilute solutions, the strict observance of 
conditions which might well be neglected in ordinary analytical pro- 
cedures being here an essential factor of success. 
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Of the various simple methods which have been tried in this labo- 
ratory, perhaps the most generally satisfactory from the standpoint of 
the engineer is that proposed by Dr. G. W. Fitz, and next, the method 
of Cohen and Appleyard.^ A brief description of these two methods 
in their original form may not be out of place here. 

The Fitz method is carried out by 
shaking a small quantity of dilute lime 
water, colored pink by phenolphthalein, 
with successive portions of air until the 
solution is decolorized. The greater the 
amount of carbon dioxide in the air, 
the less will be the volume of air re- 
quired to neutralize the lime water, and 
vice versa. That is, the amount of lime 
water remaining constant, the amount of 
carbon dioxide will vary in a certain in- 
verse ratio to the volume of air. 

The solutions used are a i per cent, 
solution of phenolphthalein in alcohol, 
diluted with 4 parts of water, and a "sat- 
urated '* solution of lime, made by shaking 
an excess of unslaked lime with water. 
The essential parts of the apparatus are 
several small homeopathic vials, holding 
about 10 cubic centimeters each, and a 
*' shaker." This consists of a tube of 
about 30 cubic centimeters capacity, 
closed at one end, and graduated for a 
distance of 20 cubic centimeters from the 
closed end. In this tube by means of a 
rubber collar, slides a smaller tube which 
is contracted at the outer end so as to 
be more readily closed by the finger. 
The apparatus is shown full size in Figure i. 

Before making a test of the air, 10 cubic centimeters of dilute 
lime water, prepared by diluting the ** saturated lime water " to one 
one-hundredth of its strength, is placed in each of the vials. When 
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Fig. I. — Fitz Shaker. 
Full Size. 



^ Chem. News, 70, (1894), in. 
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ready to make the test this solution is poured from the vial into the 
shaker and shaken with successive portions of air until the color dis- 
appears. The first test will give the approximate amount of carbon 
dioxide, and succeeding tests, made by using the solutions in the other 
vials will aid in approaching the correct result. After thus deter- 
mining the amount of air required to produce decolorization, reference 
is made to the table furnished with the apparatus, a copy of which is 
subjoined. 

TABLE USED WITH THE YIXZ APPARATUS. 



Air in c.c used. 


COj in io,ooo. 


1 

Air in c.c. used. 


COj in io,cxx). 


30 


28 


91 


9 Had. 


36 


22 


103 


8 


46 


18 


117 


7 Fair. 


58 


14 Very Bad. 


138 


6 


69 


12 


165 


5 Good. 


82 


10 


207 


4 



This apparatus is certainly sufficiently simple and portable, but a 
thorough trial of it has shown that it is open to several serious sources 
of error. One of these is in the preparation of the test solution. One 
cubic centimeter of "saturated lime water'* is a rather small quantity 
to be measured accurately by unskilled persons, and there can hardly 
be any question concerning the danger of reducing the strength of the 
solution through repeated transfers of lo cubic centimeters of it to 
the vials by means of an ordinary pipette. Further, the dilute solu- 
tion must remain in contact with the rubber stopper of the vial until 
it is used, and while this may not be detrimental in all instances, cases 
are not infrequent in which the strength of the solution is so greatly 
diminished that the pink color nearly disappears in a day. In regard 
to the manner of using the shaker, the directions are decidedly vague 
upon a most important point. It is stated that the instrument is to 
be "shaken vigorously twenty-five or more times." A trial of the 
instrument in outdoor air will readily show that it makes considerable 
difference whether the apparatus be shaken twenty-five or more times. 
When testing air which is low in carbon dioxide, if the instrument be 
shaken only twenty-five times, the results will be much below the 
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solution weigh about 8 pounds. The case is furnished with a haotUe at 
the top so that it may be carried readily in the hand from pUce to 
place. The complete apparatus is shown in Figure 3. The bottle 
is fastened to the case, and the lowor end of the pipette is clamped 
to a wooden support to keep it from swinging. 

The biittlL' should l)e thoroughly clcani-'d and \vashcd with potassium 




bichromate and sulphuric acid, and it is best also to steam it for half an 
hour or so. As a further measure of precaution, the rubber stopper 
boiled with dilute caustic potash and thorouj^hly washed, although the 
solution can come in contact with it only through splashing while the 
case is being carried. 

The advantages of this arrangement will be obvious. The appa- 
ratus, while siifRciently light to l>e portable, contains sufficient solution' 
for 90 to 100 tests. There is no danger of its being broken with. 
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ordinary care in using it, and it is practically automatic in its action. 
The solution is protected perfectly from the carbon dioxide of the air 
and never comes in contact with anything but glass. 

The method of preparation of the solutions and the manner of 
making the tests which have been found to give the best results will be 
described in detail, since experience has shown that these directions 
cannot be too minute. 

Preparation of the Test Solution, — The solution used is a dilute 
solution of lime water colored with phenolphthalein. To freshly slaked 
lime add twenty times its weight of water in a bottle of such size that 
it is not more than two-thirds full. Shake the mixture continuously 
for 20 minutes, and then allow it to settle over night or until perfectly 
clear. The resulting solution is the stock lime solution, or " saturated 
lime water." If made in the manner indicated, each cubic centimeter 
of it ought to be very nearly equivalent to i milligram of carbon dioxide. 
If, however, it is desired to know the strength of it more exactly, it may 
be determined by standard acid. 

To prepare the "test solution," pour into the i -liter bottle of the 
testing apparatus i measured liter of distilled water, and add 5 c.c. of 
solution of phenolphthalein (made by dissolving 0.7 gram of phenol- 
phthalein in 50 c.c. of alcohol and adding an equal volume of water). 
Stand the bottle on a sheet of white paper and add the " saturated lime 
water," drop by drop from a pipette, shaking the bottle thoroughly after 
each addition, until a faint pink color is produced which is permanent 
for I minute. Now add 12.6 c.c. of the " saturated lime water," shake, 
and immediately connect the bottle again to the apparatus. 

To shorten the time required in testing air which is low in carbon 
dioxide, it may be found advantageous to use a solution only half as 
strong as the above. This " half solution " is prepared in precisely the 
same way, using 2.5 c.c. of the phenolphthalein solution, and 6.3 c.c. of 
the "saturated lime water." 

While this procedure does not give an exact volume of solution, it is 
believed to be the best for the preparation of this dilute test solution, 
since it obviates the necessity for pouring the prepared solution from 
the measuring flask into the bottle in which it is kept ; 12.6 c.c. of the 
stock lime solution is added rather than 10 c.c, in order to keep the 
values obtained with the resulting solution more nearly comparable with 
the older values calculated on the supposition that 10 c.c. of "saturated 
lime water " was equivalent to 12.6 milligrams of carbon dioxide. 
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TABLE A. 



Standard Test Solution. 
COj in 10,000. 


Cubic Cent Air. 


•• Half Solution." 
COj in to,ooo. 


22.2 


50 


15.6 




18.0 


70 


12.4 




15.1 


90 


10.2 




13.0 


110 


8.7 




11.3 


130 


7.5 




9.9 


150 


6.6 




8.8 


170 


5.8 




8.0 


190 


5.2 




7.3 


210 


4.8 




6.8 


230 


4.5 




6.3 


250 


4.3 




5.9 


270 


4.1 




5.6 


290 


3 95 




5.4 


310 


3.8 




.S.l 


330 


3.7 




4.8 


350 


3.6 




4.7 


370 


• • • 




4.5 


390 


• • • 




4.4 


410 


• • • 




4.2 


450 


• • • 




4.0 


490 


• • • 




3.9 


530 


• • • 





Method of Making the Test, — See that the inner tube of the shaker 
slides readily in the outer one, moistening the rubber collar slightly if 
necessary. Have the inner tube pressed down to the bottom of the 
larger one, and measure into the apparatus 10 cubic centimeters of 
the test solution from the automatic pipette. Pull the inner tube up 
to the 5 c.c. mark (the bottom of the inner tube ser\ing as the index) 
and close the end of the tube with the finger. Hold the apparatus 
horizontally, and shake it vigorously for exactly 30 seconds. 

The amount of air which is thus brought in contact with the solu- 
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tion is equivalent to 30 cubic centimeters, as there are 25 cubic centi- 
meters of air above the liquid when the small tube is forced to the 
bottom of the larger. Remove the finger, press down the small tube 
again to the bottom of the larger and draw it up to the 20 c.c. mark. 
Shake the apparatus again for 30 seconds. The amount of air brought 
in contact with the solution is now 30 + 20 =: 50 c.c. Repeat the 
shaking, using 20 c.c. of fresh air each time, until the pink color is 
discharged. The amount of carbon dioxide corresponding to the num- 
ber of cubic centimeters of air used will be found in Table A. 

aVoUs apid Precatitions. — Care should be taken that the finger used 
to close the end of the tube is perfectly clean, since on a warm day the 
free acid in the perspiration might easily vitiate the results. 

If greater accuracy is desired, the shaker should be filled with the 
air to be tested before running in the test solution. This may be done 
readily by filling the shaker with water and emptying it or by forcing 
air into the tube by means of a small rubber bulb. 

The apparatus should be shaken vigorously and continuously during 
the 30 seconds in order to absorb practically all of the carbon dioxide 
in 20 c.c. of air. The number of shakings ought not to be less than 
100 during this time. 

Care should be taken not to contaminate the air while the sample 
is being taken. The breath should be held momentarily while the air 
in the apparatus is being replaced, and the sample should be collected as 
far to one side of the body as possible. It ought not to require over 
10 seconds to replace the air, and the entire test, with air containing, say, 
8 parts of carbon dioxide per 10,000, should not require over 6 minutes. 

If less than 90 c.c. of air is required to discharge the pink color, the 
test should be repeated, using 10 c.c. of air each time after the first 30 c.c. 

It is not necessary to rinse out the shaker after making each test, 
but it should be carefully washed and dried after using, and the parts 
kept separate when not in use. 

The "half solution" is used in exactly the same manner and amount 
as the regular test solution, reference being made to the appropriate 
portion of the table. 

For the Cohen method the same solutions may be used and meas- 
ured from the same apparatus. The samples are collected in white, 
glass-stoppered bottles of i -liter capacity. This may be done by aspi- 
rating the air with a bellows as directed in the original method, or the 
bottles may be completely filled with water which is then emptied at 
the place where the air is to be tested. Ten cubic centimeters of the 
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test solution are run in from the automatic pipette, the time noted, 
and the bottle shaken continuously and \igorously with both hands 
until the pink color \^nishes. It will aid materially in determining 
the exact point of disappearance of the color if a piece of white paper, 
about i^ inches by 3 inches, is pasted on the side of the bottle near its 
lower edge, a similar piece joining it on the bottom of the bottle. In 
observing the color the solution is held in the angle formed by the 
pieces of paper and the disappearance of the color is more readily appar- 
ent. From the time required the amount of carbon dioxide in the air 
may be found by referring to Table B. 

TABLE B. 



COs in 10,000. 
Stondard Solution. 


1 

Time. 
Minutes and Seconds. 


CO* in 10,000. 
"Half Solution." 


CO9 in 10,000. 
Standard Solution. 


Time. 
Minutes and Seconda. 


• • • • 


0.15 


1 
• • • • 


1 
4.0 


5.45 


• • • • 


030 


15.6 


• . . 


6.00 


• • • • 


0.45 


121 


3.9 


6 15 


16.0 


1.00 


9 9 


• • • 


6.30 


13.1 


1.15 


8.4 


3.8 


6.45 


11.4 


1.30 


7.2 


• • • 


7.00 


10.1 


1.45 


63 


• • • 


7.15 


9.1 


2.00 


5.5 


3.7 


7.30 


8.3 


215 


4.9 


• • • 


• • • • 


7.6 


2.30 


4.4 


• • • 


• • • • 


7.0 


2.45 


4.0 


• . . 


• • • • 


65 . 


3.00 


3.8 


• * • 


• • • • 


61 


3.15 


3.7 


• • • 


• •• • 


5.7 


3.30 


3.6 


• • • 


• • • • 


5.4 


3.45 


• • • • 




• • • 


• • • • 


5.1 


4.00 


• • • • 




• • • 


• • • • 


4.9 


4.15 


• • • < 




• • • 


• • •• 


4.7 


4.30 


• • • « 




• • • 


• ••• 


4.5 


4 45 


• • • < 




• ■ • 


• • • • 


4.3 


5.00 


• • • < 




• • • 


• • • • 


4.2 


5.15 


• • • 1 




• « • 


• • • • 


4.1 


5.30 


• • • 




• . • 


• • • » 
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Fig. 4. — Curves of Values Obtained with Fitz Shaker. 
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Fig. 5. — Curves op Values Obtained by Cohen Method. 



104 A. G. Woothnan ami Ellen //. Richards, 

Having found by experiment the best mode of procedure in each 
case, a number of determinations have been carried out by both meth- 
ods, using both the standard and " half sokitions," in order to determine 
the correct x'alues to be assigned in Tables A and B. Tests have been 
made exactly as just prescribed, in air containing \^rying amounts of 
carbon dioxide, the results being comi>ared with samples taken at the 
same time, in which the exact amount of carbon dioxide was determined 
by the Pettenkofer method. The greater part of the tests were made 
in duplicate, and by two independent observers in order to eliminate the 
personal equation. Over 1 50 determinations were made by the Petten- 
kofer method, and many more by the others, the average results of a 
number of tests being taken as a basis for calculation. The samples 
below 10-12 parts of carbon dioxide were taken directly in rooms under 
normal conditions. For the samples showing more than this use was 
made of an air-tight chamber constructed for another purpose, in which 
the test could be carried out and samples taken for the Pettenkofer 
method simultaneously. When the air contained more than 15 parts 
of carbon dioxide, the test was made by using 10 c.c. of air each time 
instead of 20, as suggested above. 

From the comparison of the results obtained, the curves have been 
plotted which are shown in Figures 4 and 5, each point plotted being 
the mean of a number of determinations. The x'alues given in Tables 
A and B have been obtained by interix)lation in these curves. It will 
be observed in Figure 4 that the values obtained by actual experiment 
are quite divergent in some parts of the curve, from the theoretical 
values, especially in the case of the lower values, the last traces of car- 
bon dioxide being always much more difficult of absorption by dilute 
alkalies. 

The automatic pijx^tte was made for us in a most satisfactory 
manner by Emil Greincr, of New York. The Fitz " shakers " may 
be obtained from the L. E. Knott Apparatus Company, Boston. 

Massachusetts Institute of Technology, 
Boston^ Mass,, March, igoj. 
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Contributions from the Physical Laboratory of the Massa- 
chusetts Institute of Technology. 

AN APPARATUS FOR RECORDING ALTERNATING 

CURRENT WAVES} 

By frank a. laws. 

The apparatus forming the subject of this communication was con- 
structed at the Rogers Laboratory in 1898, and has proved of sufficient 
value to merit a short description. In brief, the arrangement gives us 
a modification of the "contact method," by which the record is rendered 
continuous and traced photographically. 

The necessary electrical connections are shown in the diagram. Fig- 
ure I . K^ and K^ are two rigidly connected contact wheels of ebonite. 
Into the periphery of each wheel are set four 
brass blocks. These are accurately placed 90° 
apart. Upon each wheel a brush and collector 
ring give permanent contact with the blocks. An- 
other brush resting on the periphery of the wheel 
completes electrical connection as the blocks pass 
under it. The brushes are so placed that contact 
is made and broken at K<^ before K^ closes. The contact wheels are 
driven by a synchronous motor, which gives one revolution for four com- 
plete alternations of the E. M. F. (7 is a dead-beat galvanometer, and 
C is an adjustable condenser. The leads a and b are carried to the 
points between which the P. D. is to be investigated. By inspection of 
the diagram it will be seen that once on each wave, and at a definite 
point the condenser C is charged to the potential existing between a and 
h. As the charge is determined by the breaking of the contact, the 
blocks may be of sufficient width to eliminate the effect of the jumping 
of the brushes. Also the resistance at the contact will not be of suffi- 
cient magnitude to prevent complete charging of the condenser. 




F16J 



* Reprinted from the Proceedings of the American Academy of Arts and Sciences, 
VoL 36, No. 17, Januaiy, 1901. 
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The function of Ky is to discharge the condenser through the gal' 
nonictcr after A', has broken circuit. The instrument would ordinarily 
experience a constant deflection, but K^ and K^ arc rigidly connected 
and mounted on a radial arm, which is geared to the shaft so that it 
moves very slowly. The effect is to mnve gradually the contact point 
over the wave. The tletiection of the guK-anomeler will at any instant, 
be proiX)rtional to the P. D. Ix-tween a and d at the instant of breaking. 
at A'a, or in other words, the deflection follows the wave form. 

The actual arrangement is shown in Figure 2 where the contact 
device, the synchronous motor, and the direct current miilor used for 
starting; the apparatus will be seen. Hy use of worm gearing the wheel 




train necessary for moving the brushes is made very comiiact ; the 
reduction for the instrument shown is 7200 to i. 

I have found Sullivan's Universal Galvanometer to be a most sat- 
isfactory instrument for use with the apparatus. This galvanometer, 
of the D'Arsonv^al type, has a carefully balanced coil, so that it is. 
not very susceptible to mechanical disturbances ; also the magnetio; 
damping is most carefully adjusted. The instrument is not of great! 
sensitiveness, but owing to the stiff suspension the zero is perfectly 
definite. 

The camera used for recording the curves is shown in Figure 3. 
The plate is contained in an ordinary plate holder. This is moved ver- 
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I tically by a fine Avire which is wound on a drum, seen in Figure 2, just 
J in front of the lower worm-wheel. This drum can be thrown in at pleas- 
I lire by a pin clutch. The slide of the plate holder is he!d stationary by 
I a pin, so that the plate is exposed as the holder is drawn up. 

The front of the camera, shown removed, is provided with a narrow 
I slit about .j^^ of an inch wide. In front of it are projecting lij^s 9 inches 
I long and \ of an inch apart. They are blackened within, and serve 
I effectuaUy to shut out extraneous light, and thus prevent fogging of the 




Fig. 3. 



plate The spot of light used was the sharply focussed image of the 

filament of an incandescent lamp. An alternative arrangement is to 

I Use a plate of ground glass in the holder, and to have a straight-edge 

I tmtencd across the guides. It is then easy to keep the point of a pencil 

f In contact with it and u|X)n the spot of light. 

The arrangement described is of course a device for obtaining the 
[ average wave, and unsuitable for recording transient phenomena. The 
[ time taken in recording a wave at 1 20 cycles per second is about 1 1 
I minutes. 
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Fig. 4. — Potential difference between the carbons of an enclosed arc, in series with 
reactive coil. 

The curves were taken about i minute apart with a view to testing the concordance uf 
the readings. 




Fig. 5. — A^ potential difference between the terminals of a small alternating current 
motor. B^ current through motor. 




Fig. 6. — Curve A is E. M. F., and D is current in one phase of a quarter-phase synchro- 
nous motor running idle with the field adjusted for minimum current. Source of power was 
a three-phase dynamo with phasing transformers arranged on the Scott system. 
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The adjustable condenser allows one to adapt the apparatus to x'ary- 
ing conditions, so the E.M.F. curves may be taken directly, and the 
current curves by the use of a drop wire, as indicated in Figure i. In 
starting the arrangement it is very easy to determine when the proper 
speed for synchronism has been attained by watching the spot of light, 
or by listening to a telephone which is inserted in place of the galva- 
nometer. With the latter one hears slow beats as the contact moves 
over the wave. On page 108 are given some examples of the records 
obtained with the device. 

Rogers Laboratory of Physics, 
June^ jgoo. 
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TYPHOID FEVER AT NEWPORT, R. /., IN igoo, AND ITS 
RELATION TO DEFECTIVE SANITATION 

By CHARLES-EDWARD AMORY WINSLOW, S.M. 

The number of cases of typhoid fever reported to the sanitary 
officials of the city of Newport, Rhode Island, began to be excessive 
early in September of the year 1900. Week by week the disease 
spread, and about the middle of October the local authorities resolved 
to call in expert assistance. Specimens from certain sources of water- 
supply which had fallen under suspicion were sent to the Massachusetts 
Institute of Technology for examination, and were referred to Professor 
W. T. Sedgwick. At Professor Sedgwick's request, and under his gen- 
eral direction, I undertook the investigation of the outbreak, and I desire 
at the outset to express my thanks for his advice and assistance in its 
prosecution. I wish also to acknowledge the cordial cooperation of 
Dr. R. E. Darrah, of Newport, and of many other persons who aided 
me in the study of the conditions on the spot. 



I. Prevalence of the Disease in Previous Years. 

The amount of typhoid fever in Newport of late years has not been 
excessive as compared with that in other American cities. The records 
for the last five years are summarized in the following table, the reported 
cases haxing been obtained from the records of the Newport Health 
Office, and the deaths from the Registration Reports of the State of 
Rhode Island.^ I have calculated the population for the years between 
the State Census of 1895 and the National Census of 1900, on a geo- 
metrical ratio. 



'The figures for 1899 were obtained through the courtesy of Dr. Gardner T. Swarts, 
Registrar of Vital Statistics. 
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TABLE I. 

Typhoid Fever in Newport, 1895-1899. 



Year. 


Population. 


Reported caaes of 
Typhoid Fever. 


Deaths from 
Typhoid Fever. 


Death rate per zoo,ooo 
population. 


1895 . . . 

1896 .. . 

1897 .. . 

1898 . . . 

1899 .. . 


21,537 
21,828 
22,124 
22.423 
22,727 


32 

■ 

29 
21 
34 

52 


9 

7 
1 
6 
9 


41.8 
32,1 

4.5 
26.8 
39.6 



A comparison of the last column in this table with the death rates 
from typhoid in other New England cities, shows that Newport has not 
suffered more severely in the past than have those municipalities whose 
general conditions are fairly comparable with her own. The figures 
for the other cities, in Table II, are taken from the monograph on 
Public Hygiene and State Medicine, prepared by Dr. S. W. Abbott 
for the United States Commission to the Paris Exposition. 



TABLE II. 

Death Rats from Typhoid Fever per 100,000 Population, in Five New England 

Cities, 1895-1898. 



City. 


1895. 


1896. 


1897. 


1898. 


Newport, R. I. . . . 


42 


32 


5 


27 


Providence, R. I. . . 


31 


27 


15 


24 


Boston, Mass. . . . 


32 


31 


33 


35 


Fall River, Mass. . . 


33 


27 


33 


21 


Worcester, Mass. . . 


25 


14 


14 


12 



II. Extent of the Outbreak. 

It will be noted on inspection of Table I that the number of 
reported cases of typhoid fever had risen in 1899 to 52, as compared 
with an average of 29 for the four years next prexious. This increase 
was really even more marked than is indicated by these figures, because, 
of the 34 cases reported in 1898, 12 were brought to town from Camp 



112 



Charles-Edward Amory Wins low. 



Meade and Montauk Point. There were then twice as many indigenous 
cases in 1899 as in 1898, and in 1900 the increase proceeded in almost 
a geometrical progression. The number of reported cases was 127, of 
which number 108 were of later date than September i. The weekly 
distribution of cases is shown in Table III. The dates of cases prior 
to November 20 were fixed by the day on which the patient took to 
bed. For the subsequent cases, only the dates of the physician's report 
of the cases were available. 



TABLE III. 

Weekly Distribution of Cases During the Year 190a 



Week Beginning. 


Cases. 


Week Beginning. 


Cases. 


Week Beginning. 


Cases. 


Jan. 15 . . . 


1 


Aug. 13 . . . 


1 


Oct 22 . . 




5 


Mar.. 19 . . . 


1 


Aug. 20 . . . 


2 


Oct 29 . . 




4 


Apr. 23 . . . 


2 


Aug. 27 . . . 


4 


Nov. 5 . 




5 


May; 21 . . . 


2 


Sept. 3 . . . 


6 


Nov. 12 . . 




4 


June 4 . . . 


1 


Sept 10 . . . 


4 


Nov. 19 . . 




3 


June 11 . . . 


2 


Sept. 17 . . . 


9 


Nov. 26 . . 




3 


July 2 . . . 


1 


Sept. 24 . . . 


14 


Dec. 3 . 




7 


July: 9 . . . 


1 


Oct. 1 . . . 


19 


Dec. 10 . 




2 


July 23 . . . 


1 


Oct. 8 . . . 


11 


Dec. 24 . 




2 


Aug. 6 . . . 


2 


Oct. 15 . . . 


8 

1 


Total . . 




127 



The number of deaths from typhoid fever during the year was 18, 
giving a ratio to the population, which according to the Census of 1900 
is 23,034, of 78.1 per 100,000. The relation between this outbreak and 
the amount of typhoid fever prevalent in previous years is seen more 
clearly from the accompanying diagram, Figure i, which shows the 
distribution of cases by months for the past five years. 



III. Condition of the Public Water Supply. 

The first possible cause which suggested itself to the public in rela- 
tion to the large excess of typhoid fever in 1900, was the city water 
supply, and this theory spread the more widely because the Newport 
water had been highly colored during the late summer, and characterized 
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by a strongly marked mouldy or grassy odor. This water, which is 
supplied to the city by the Newport Water Company, is derived from 
Easton's Pond, a shallow body of water covering about 250 acres to the 
northeast of the city, and separated into a northern and a southern basin 
by an artificial causeway. The supply is taken from the more southerly 
of these reservoirs, and is passed through rapid mechanical filters, with 
the addition of alum as a coagulant, before entering the force main. 
This filtratiim was not, however, carried on with sufficient care to re- 
move the Algas, which at the time of my visit made the water of the 
lower basin resemble a sort of gray-green soup. I found in the effluent 
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from the filter plant, filaments of Anab;ena and entire colonies of Ccelos- 
phscrium, two members of the group of the Cyanophyccfe which have 
perhaps caused mure trouble to wat.er-works superintendents than any 
related forms. It was presumably to the.se two forms that the unpleas- 
ant taste and odor of the water had been mainly due. 

From an epidemiological standpoint, however, a brief inspection of 
the reservoirs gave no e\'idence of any serious defects. The south basin 
of Easton's Pond is protected from surface pollution by a ditch which 
surrounds it and drains to the ocean. The watershed of the north basin 
is thinly settled, .and the reservoirs are so large as to secure the purify- 
ing effects of storage in a considerable degree. A specimen of the 
water taken from a tap in the town on October 13, gave the following 
analj'sis, which, though it shows a large amount of albuminoid ammonia, 
due perhaps to the vegetable growth, and an c.vcess of nitrates, does 
not indicate the presence of recent sewage pollution. 
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Conclusive proof that the typhoid fever was not due to the water 
supply was found, howev'er, in the geographical distribution of the cases. 
In a water epidemic the cases appear in all quarters of the town, follow- 
ing the lines of the water mains, being perhaps thickest near the distrib- 
uting reservoirs, but otherwise occurring about equally in all districts. 
It is impossible that a general infection carried equally to all parts of a 
dty should produce a large number of cases in a single neighborhood 
and pass by others similarly circumstanced. In Newport, however, as 
will be seen by an inspection of the accompanying plans, the great major- 
ity of the cases occurred in a limited district of the first ward, twenty- 
six of them within a radius of 300 feet. On Figure 2, which represents 
the thickly settled ptjrtion of Newport, the cases of tj-phoid fever re- 
ported between the ist of August and the 20th of November are indi- 
cated by the black dots. A moment's study of this map is sufficient 
to show that some more local source of infection than the city water 
must be sought, 

IV. The Bridge Street Well. 

The well popularly known as the "Jones Well," at 26 Bridge Street, 
which formed the supplementary water supply of the affected district, 
and was frequently used in preference to the city water on account of 
the coolness of the former, and the color and odor of the latter, was the 
next object of suspicion. It seemed at first that the cases were distrib- 
uted so evenly over su long a period i.if time as to make it improbable 
that any single cause had been instrumental in all of them. Investiga- 
tion soon showed that many of the patients had not drunk the well 
water. It also, however, made it apparent that the cases in which well 
water had been used, were those most strictly localized in time. While 
the other cases straggled along rather evenly from week to week, those 
of this class were grouped together, beginning ^vith one or two isolated 
cases early in September, becoming numerous after the 15th, reach- 
ing a maximum of six cases on the 29th, and declining again after 
October 7. The well was closed and boarded o\'er in accordance with 
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my recommendation on the 1 5th of October, and after October 29, or 
the lapse of the average incubation period for typhoid fever, only three 
cases have occurred in the community using the Jones Well, and all 
three were return cases traceable to personal contagion. (See Figure 3.) 
We find then, thirty-eight cases of typhoid fever occurring between 
September 16 and October 23 in a limited district and among a popu- 
lation using a special source of water supply. This source of supply 
was a shallow well about 10 feet deep, and 8 feet in diameter, with sides 
of uncemented stone and a covering of planking, upon which those who 




Juiw. Jul^ Aug. S«pt. Oct. 

Newport bv Weeks, dueing the 
OF THE Year 1900. 

The black columns Indicate (hose cases in which the Bridge Street well had been used 
for water supply, the cross-hatched columns represent lhu>e cases in whiq^ theie was no 
such history. 

used the water stood while operating the primitive wooden pump by 

which it was raised. The watershed, sloping gently to the east, included 
some twenty privy vaults within 400 fuet, the nearest being in the rear 
of Numbers 28 and 26 Bridge Street, respectively 25 feet and 60 feet to 
the southward (?'igure 4). The water level in the well was about 2 feet 
below the surface of the ground, so that tJie material from the vaults 
could pass laterally through the filth laden and water soaked soil with- 
out any downward filtration whatever. The following analysis of the 
well water fully confirms the conclusion drawn from a sanitary inspec- 
tion — that the well was grossly contaminated. 
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^^ If typhoid germs can ever be carried through the earth, they could 
be carried from the dejecta of a t)-phoid patient in one of the neigh- 
boring vaults to a well of this character. That such dejecta were pres- 
pt is certain. On Au^just 31, there was a case of typhoid fever at 
:i Bridge Street, with a \-ault about 200 feet northeast of the well, and 
■On September 3, there was a case in Cozzens Court with a vault 30a feet 
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southeast, (see Figure 4). It is easy to conceive, especially as I f ( 
that the excreta had not been disinfected in these early cases, tl 
slight amount of infective material may have found its way from 01 
these sources to the well, and caused the first few cases. One of 1 
first cases, already sick with what proved later to be tj'phoid fever 
28 Bridge Street on September 15. The vault in which the excre 
this patient were received was only 25 feet from the well ; and it is 
easier to conceive that infection passed through this short distance 
caused the later outbreak which culminated with twelve cases in 
week of October 12. In some such way, either by percolation thr< 
the open soil or by accidental infection from the top, the well, ir 
judgment, became infected, and caused about one-third of the c 
making up the total outbreak. 

V. Other Possible Vehicles of Infection. 

The fact that no large number of typhoid fever patients had a k 
mon milk supply, excludes that important factor in the transmissio 
disease. Among the one hundred and ten cases investigated, (u] 
November 20), there were thirty-one milkmen ; the greatest nur 
of affected families on any one route was five, and in these the c 
did not occur simultaneously. Two apparently sporadic cases i 
however, have been due to this cause. Case Number 30 was a milk 
supplying from twenty to thirty families in a district quite outside 
region where the main epidemic was localized. He cared for the er 
business in person, as well as for the delivery of the product. On \ 
tember 15, he took to his bed with typhoid fever ; every precaution 
at once taken for the future, and the milk business was put in chj 
of another person not connected with the household. On Octolx 
and 6, however, two of the customers on this route fell ill, the disi 
in one instance terminating fatally. It is possible that these two c 
may form a miniature milk epidemic such as might often occur witl 
attracting attention. 

A large proportion of the typhoid patients had purchased ice-cn 
from a shop kept by a dealer on Bridge Street, and I was inclinec 
first to consider this fact significant. It proved, however, that this 
the popular source of supply for the entire neighborhood, the health; 
well as the sick. Of the thirty-one cases among the customers of 
shop, between September i and November 15, eighteen were also ui 
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of the Jones Well water, and the thirteen remaining were so widely 
scattered in time as to rule out the possibility of a common source of 
infection. Furthermore, an investigation of the shop in question, and 
of the origin of its various supplies failed to reveal any apparent oppor- 
tunity for contamination. 

A majority of the households stricken by the epidemic did not use 
ice. Those who did so, obtained it from one of two companies, both of 
which have delivered during the summer a mixed supply of artificial ice 
and natural ice, supplied by the Boston Ice Company. The cases among 
the ice users did not occur in greater number at any special period so as 
to warrant any suspicion of this supply as a cause of the epidemic ; and 
hundreds of persons in other districts of the city used ice from the 
same sources without ill effects. 

Finally, there was no common source of supply for green vegetables 
among the typhoid patients, and only a very few of them had been in 
the habit of eating raw shell fish. 

VI. Influence of Sanitary Conditions. 

No common cause was then found for the residuum of cases not 
connected with the Bridge Street well. This is exactly what one would 
expect after an examination of Figure 3 ; for if the Jones Well cases 
are eliminated, it appears that the fever did not strike a sudden blow at 
a definite time, but has exercised a more or less constant pressure since 
early in August. Not a week between August 20 and December 17 
passed without at least two cases outside of the well users, and in only 
two weeks did the number of such cases exceed five. The well, if my 
conclusions are correct, caused an epidemic in the last part of Septem- 
ber and the beginning of October ; the other cases formed not a sharp 
epidemic outbreak, but rather such a slow succession of isolated cases 
as the older sanitarians termed " endemic." This term has been so mis- 
used, so associated with the idea of some mysterious miasm inherent in 
a geographical region, that it has fallen into deserved disrepute. It is, 
however, vital for the epidemiologist to distinguish this process clearly 
from the infection which reaches a number of persons at once through 
a single medium, such as water or milk. I have ventured to coin the 
term prosodemic^ "through, or among, the people," for this form of 
disease which progresses gradually from person to person by routes 
which, whether direct or indirect, are different for each individual case. 
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The term " epidemic ** I should restrict to that special case in which 
circumstances permit the transfer of infection to a large number ol 
persons through the same medium, and at approximately the same 
time. 

The methods by which prosodemic typhoid may spread are almost 
infinite. The last link in the chain is, in most cases, some sort of food 
or drink ; and the food becomes directly infected, in many instances, 
from the hands of the typhoid patient or of his unprofessional attend- 
ants. The transmission of typhoid fever on a large scale by water and 
milk, has led sanitarians to minimize unduly the direct personal element 
in its etiology ; but the fact that two trained nurses were stricken down 
during the year in Newport, recalls the possible importance of this fac- 
tor. Another mode of conveying disease, to which we have learned tc 
attribute an increased significance within the last few years, is the car- 
riage of infected matter by insects ; and there can be no doubt that 
many mysteriously sporadic cases of typhoid fever are conditioned by 
the passage of a fly from an infected vault tp an unprotected table or 
an exposed larder. At the other end of the chain, however, there is in 
almost every case of prosodemic infection some disregard of sanitary 
cleanliness. Hands, insects, and food can only become contaminated 
when infective material has not been properly removed and cared for. 
An epidemic affecting a great number of persons through water, milk, 
or oysters, may be due to a single act of carelessness or ignorance. It 
is only, however, among a dirty population in unsanitary dwellings 
that typhoid fever becomes actively contagious. It is, therefore, in- 
structive to note that of the premises upon which typhoid developed 
in Newport, I insj^ected eighty-one, and found that forty-two were pro- 
vided with privy vaults, and only thirty-nine connected with the sewer ; 
and of the former, twenty-one at least were in a foul and dangerous 
condition. 

As has been said, the infection by means of filth and fingers, of flies 
and food, proceeds by a different path and at a different time in each 
case, and is generally impossible to trace in detail. In certain instances, 
however, the probable course of contagion from person to person is 
clearly indicated ; a few such chains of evidence I have collected in the 
Newix)rt outbreak, of which the following selected examples are per- 
haps the best. 

I. Case Number ^6^ a teamster, exposed in his work to many oppor- 
tunities of infection, developed the disease at his home on Harrington 



Typhoid Fever at Newport, R, /., in igoo, 12 1 

Street, October lo. On October 23, or after the lapse of two weeks, 
the average period of incubation for typhoid fever, case Number 95, a 
fellow teamster, boarding at the same house fell ill. On December 6, 
a third case. Number 119, was reported from the same house. 

2. On August 12, case Number 14 developed in a house on Thames 
Street, the patient being a little girl who had come from New York 
State two weeks previously, probably bringing the infection with her. 
On August 28, her nurse, case Number 18, was taken sick; and on 
September 17, her grandmother, living in the same house, fell ill in turn 
with the disease. 

3. Case Number 80, a domestic employed on Powell Avenue, left 
that place September 25, to nurse a cousin who was suffering from 
" diarrhceal trouble," on Bridge Street, opposite the Jones Well and in 
the thick of the epidemic. On October 9, she returned to Powell Ave- 
nue, and on October 12 she took to her bed with typhoid fever. She is 
said not to have drunk the well water while in Bridge Street. 

4. Case Number 84 was a boy of thirteen, living in Spruce Court, 
who sold papers in the Bridge Street district, and probably contracted 
his disease from the well water. He fell ill on October 14. His mother 
worked for a family across the way, and went over, to assist in the pre- 
paration of the food, from the bedside of the invalid. On October 31, 
case Number 99, a young woman in the house where the mother worked, 
fell ill with the fever. 

5. On October 9, case Number 75, a girl in a family on Long 
Wharf, developed the disease, probably derived from the Bridge Street 
well. On November 14, her sister, on November 16, her mother, on 
November 21, her brother, and on November 24, another inmate fell 
ill, although by this time the well had long been closed and the general 
epidemic had subsided. The premises in this, as in most of the other 
instances where return cases occurred, were dirty and ill-kept. 

6. On the isth and 19th of October, two cases occurred among 
the customers of a steam laundry on Mill Street. On the 9th of No- 
vember, case Number 104 developed, the patient being a young man 
engaged in that laundry in the process of sorting the clothes. 

7. Case Number 21 was a young lady living in Thames Street very 
near Bridge Street and the infected district, who was taken sick Septem- 
ber I, the source of infection not beiftg apparent. Her niece, a little 
girl of seven, who lived in Channing Court, in another quarter of the 
city, but spent much time with her aunt in Thames Street, developed 



122 CIiarlcS'Edward Amory Winslow, 

the disease at the same time, and was sent home to Channing Court, 
where her brother, ten years old, case Number 53, fell ill on September 
29, and her sister, aged three, case Number 82, followed on October 13. 

VII. Lesson of the Outbreak. 

After the closing of the Bridge Street well, the typhoid outbreak 
did not again become severe, and with the onset of cold weather there 
was a gradual decrease in the number of cases due to contagion, until 
in the last two weeks of December, there were only two cases reported, 
and in January, 1901, there was only one case. With rising tempera- 
ture, however, the typhoid rate has also began to rise, as is its wont. 
In February there were three cases, and in March, four ; a small num- 
ber, but large enough to be menacing, in view of the fact that there 
were only three cases in these two months last year. 

The way in which the typhoid germ survives the winter and begins 
the steady increase which culminates in an October maximum, is well 
shown in the Newport records. This bacterium does not ordinarily live 
very long, at least in large numbers, outside the human body, under 
the damaging effects of cold, light, dryness, poor food, etc. : but in heaps 
of excrement there is reason to believe that it may survive for many 
months. From germs preserved in this way it seems likely that the 
1900 outbreak started. Cozzens Court is a short street parallel to 
Bridge Street, inhabited mostly by negroes, and its vaults and the 
whole surroundings were in an exceedingly filthy condition. There 
were four cases of typhoid fever in this court in 1899, the first on 
August II, the second and third at Number 7 on August 26 and Sep- 
tember 26, and the fourth at Number 2 on October 27. The first case 
to occur in the Bridge Street neighborhood in 1900 appeared with no 
apparent outside source of infection at Number 7 Cozzens Court on 
July 12 ; the second at Number 2 Cozzens Court on July 27. Of the 
two cases to which I attribute the contamination of the Jones Well, 
the first was at 1 1 Bridge Street, a stone's throw from the cases men- 
tioned, and the second was again at Number 2 Cozzens Court. The 
same thing has apparently happened during the winter just past. 
It can hardly be a coincidence, that of the four cases reported in 
March, 1901, two are from a house on Thames Street provided with 
a privy vault in which there was a case of typhoid fever in October, 
1900. 
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To prevent the preservation of typhoid germs through the winter, 
and the sowing of them broadcast during the summer, there are two 
remedies — their destruction or the removal of the vehicles by which 
they are spread. First, then, disinfection suggests itself as an avail- 
able weapon ; and I submitted to the Newport authorities a complete 
schedule for the treatment of excreta, of clothing and bedding, and of 
infected walls, floors, and woodwork. Much good work was done in this 
direction. Most of our processes of disinfection are, however, incom- 
plete, and even if every typhoid bacillus present at a given time could 
be exterminated, the filth which furnishes means for keeping alive and 
distributing imported germs would remain a constant menace. The 
one vital fundamental remedy is sanitation — the closing of shallow 
wells, the cleaning of the streets and yards, and in particular the 
removal of the vaults which may preserve typhoid ^erms in active con- 
dition for long periods, which pollute the ground and ground-water in 
their neighborhood, which foster habits of personal iinclcanliness, and 
favor the transmission of disease both by contagion and by the agency 
of flies and other insects. 

It is because it calls attention to the sewell-known but often forgot- 
ten dangers that the Newport outbreak is of interest. Newport is 
no worse than many American cities. We have been right in con- 
sidering water as the most important vehicle of typhoid fever. That 
lesson has now been learned, and most of our cities put sufficient 
\'alue on human life to protect their sources of drinking water. The 
next most important vehicle of typhoid fever, in my opinion, is filth, 
and to this our attention should be increasingly turned. The sewer-gas 
fetich of the British sanitarian has led him into some absurd excesses ; 
but it has worked most effectively for civic cleanliness. Few English, 
and fewer German communities would endure the typhoid death rates 
which weigh year after year upon the best American cities. What is 
the reason for our excess ; is it infected water, milk, and shell-fish, or 
merely filth ? It is incumbent upon us to find out. For the typhoid 
death rate is the reciprocal index of civilization. 
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THE TRIPOUTE DEPOSIT OF FITZGERALD LAKE, 
NEAR ST. JOHN, NEW BRUNSWICK. 

By W. O. CROSBY. 

Among the numerous deposits of tripolite in the fresh-water lakes 
and swamps of the Maritime Pro\inces, some of which are, no doubt, 
destined to prove of considerable economic importance, it would prob- 
ably be difficult to find a deposit of considerable magnitude which is, on 
the whole, of more sjxicial interest to the student of geolog)- than that 
of Fitzgerald Lake. In some respects this deposit is unique, and it is 
particularly so in the simplicity of its history, which permits us to regard 
it as a type of which many other dejx^sits are more or less widely diver- 
gent variations. The essential conditions of the accumulation of a 
notable deposit of organic silica in a state of approximate purity are 
exhibited in Fitzgerald Lake so free from complications as apparently 
to justify placing on record the results of a study made several years 
since, although the explanation which the facts have suggested may be 
wholly lacking in originality. 

Fitzgerald Lake is between seven and eight miles northeast of St. 
John, on the Loch Lomond road and on the headwaters of Little River. 
It has an elevation of 290 feet above high tide, and is bordered by a 
wooded plain of coarse gravel (modified drift). On the east and south 
sides of the lake the land rises 30 to 50 feet to form a winding ridge 
(probably an csker) which encloses Latimer I^ke, the chief reserve of 
the St. John water supj)ly. I^itimer I^ike, which is naturally tributary 
to Misixxk River, had an elevation of 302 feet before its outlet \vas 
dammed, and its outflowing waters turned through a low cut in the 
ridge down through Lake Fitzgerald into Little River. On the north- 
west, the plain of modified drift 'enclosing the basin of Lake Fitzgerald 
falls gently away toward Little River, descending 70 feet in one-fourth 
to one-half mile. Fitzgerald Lake is reached on the north side by a 
short branch from the Loch Lomond road, and a road following more 
closely the valley of Little River passes within a short distance of the 
south side of the lake. 

Fitzgerald Lake was drained several years ago by the cutting of a 
shallow trench across the narrowest part of the bordering plain, and is 
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now a grassy meadow, with the overflow from Latimer Lake passing 
through one corner of it in a narrow artificial channel. The area of 
the lake is 74 acres, and it is estimated that approximately 60 acres 
are underlain by the tripolite. Its outline is an irregular oval, a broad 
reentrant curv^e indenting the northwest side ; and here the bottom is 
of a rough stony character for a breadth of 100 to 200 feet, the depth 
having been insufficient to permit the formation of any deposits. Con- 
sidering its area, the lake was very shallow, the maximum depth haxdng 
been less than five feet. The greater part of the lake is now well 
grassed over, the grass forming quite a strong turf, over which with 
due care it is possible to walk without breaking through. The tripolite 
is practically the surface deposit ; in other words, it is not covered by 
clay or peat or anything except this thin turf, and considerable patches 
of the tripolite are entirely bare, even of grass. 

A\^th suitable lengths of one-half-inch gas pipe, a series of sound- 
ings was made across the lake in different directions to test the depth 
and quality of the tripolite, and in this way it was proved, not only that 
the deposit has a considerable depth, but that the tripolite is continuous 
from the surface downwards ; that is, it is not interstratified with clay 
or peat. In some cases the pipe struck a hard, stony bottom, and in 
others penetrated a firm, semi-hard form of the tripolite, a bottom layer 
which has probably no great thickness. Above this layer, which proved 
on examination to consist largely of quartz flour, the tripolite is uni- 
formly soft and slimy, the gas pipe passing through it almost of its owti 
weight. The surface of the bog, or lake bottom, is very quaking, and 
but for the density (specific gravity) of the underlying tripolite jelly, 
walking over it would be dangerous. The thickness of the pure or 
approximately pure tripolite varies from a foot or less near the edge of 
the deposit to ten or twelve feet in the central portion, and an average 
depth of five feet seems a safe estimate. It is very clear that the de- 
posit is all tripolite down to the level where it begins to change grad- 
ually into the quartz flour, which becomes at last so compact and firm 
that the gas pipe was with difficulty forced into it, and the quartz flour 
shades off at some points into ordinary fine sand. The covering of 
grass grows directly on the trijx)lite, and it is evident heretofore that 
the lake has always been flooded, for there is nowhere' any appreciable 
amount of peat over the tripolite. This lake basin must have been 
originally a large and comparatively shallow kettle-hole, ha\ing a maxi- 
mum depth of twenty or possibly twenty-five feet in the plain of modi- 
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fied drift ; and it is now filled nearly to the brim with this slowly formed, 
organic deposit, which, in its present super-saturated condition, is like a 
quaking siliceous jelly, with only a thin cover of turf, and with a sub- 
stratum of quartz flour from one to ten feet in thickness. The tripo- 
lite is naturally of a gray to dark brown color, due to the presence of 
organic matter, which is readily burned out ; and after calcination the 
material is nearly white, being but slightly tinged with iron oxide. 
An analysis of a calcined sample gave the following result : 

Soluble silica ... * 82 per cent. 

Insoluble silica in the form of impalpable quartz flour . . 17.5 per cent. 
Clay, iron oxide, etc. ........ traces. 

W.5 i>er cent. 

In searching for the explanation of this deposit it is important to 
note : that the catchment area, or watershed, of this basin (kettle-hole) 
is very limited ; that there were naturally, or before the diversion of 
Lake Latimer, no tributary streams ; that the surface is of such charac- 
ter (chiefly coarse gravel) as to afford little or no rain wash, especially 
as it is, and probably always has been, covered with forest and a thick 
layer of vegetable mould ; and that the conditions are very unfavorable 
for the introduction of wind-borne dust. Mechanical silt has thus been 
almost wholly excluded, and a continuous cover of water has prevented 
the formation of j^at. 

Water percolating through the layer of vegetable mould over the 
surrounding surface has penetrated the underlying gravel, where the 
carbonic and organic acids with which the water is now charged, have 
slowly decomposed the silicate minerals (feldspar, hornblende, etc.) of 
the numerous pebbles of granite, felsite, diorite, etc., forming carbon- 
ates of the alkalies and alkaline earths and liberating an equivalent 
amount of silica, which, being soluble in water holding alkaline carbon- 
ates, is carried in solution into the lake, where it is appropriated by the 
diatoms with which the waters swarm. 

An alternative hypothesis is based primarily on the well estab- 
lished fact that several of the humus acids, and notably azohumic acid, 
are efficient solvents of silica, which will be precipitated when these 
acids are converted by oxichtion to carbonic acid, by the oxygen 
exhaled by diatoms, as by all other forms of vegetable life. This 
explanation would enable us to derive silica directly from quartz, and 
not exclusively from the silicates. 
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The process is probably essentially chemical at every step, although 
the precise nature of the reaction of the organism upon its medium, 
determining the deposition of silica in or upon its body, is still undeter- 
mined. This slow process of the leaching of silica from the surround- 
ing gravel through the agency of decaying organic matter, and its 
precipitation by the diatoms in the forms of their exquisitely fashioned 
frustules has been uninterrupted for thousands of years ; until the 
resulting deposit of tripolite completely fills the basin of the lakelet. 
Meanwhile, but little sand and clay have been washed from the shores 
of the lake by its feeble waves, and the surrounding forest has pro- 
tected the lake from wind-blown dust ; but the deposit of nearly pure 
tripolite is, under existing conditions, being overspread by a layer of 
peat. The uncompacted and quaking consistency of the tripolite has 
probably tended to keep it pure by permitting such mechanical detritus 
as did find its way into the lake to settle to the bottom, and thus, prob- 
ably, the substratum of quartz flour blending upwards with the tripolite 
has been chiefly formed. A further condition essential to the for- 
mation of tripolite and realized here, is the absence of an outflowing 
stream. Like so many of our kettle ponds and lakes, this is a closed 
basin from which the water escapes only by seepage and evaporation. 
The silica leached from the surrounding gravel and the organisms 
essential to its precipitation in the solid form are thus retained in the 
basin ; and the cycle of chemico-organic erosion and deposition is com- 
pleted in a limited area ; for through the combined agency of decaying 
organic matter on the land, and living organisms in the enclosed and 
stagnant, but limpid, water is effected a gradual transfer of silica from 
the hard, insoluble silicates of the gravel and its deposition in a pure 
but hydrated and opaline form in the bowl-like depression left by the 
melting of a buried remnant of the great ice-sheet. 
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ON THE APPLICATION OF BACTERIOLOGY TO CER^ 

TAIN ARTS AND INDUSTRIES} 

By SAMUEL C. PRESCOTT, S. B. 

During the last four decades of the Nineteenth Century the ad\'ance 
of scientific knowledge brought to light many new and interesting dis- 
coveries, not the least important of which were in the domain of biolog}- . 
Of greatest value, i:)erhaps, was the work upon the micro-organisms, and 
esi^ecially uix)n that class of micro-organisms known as bacteria, and 
which led to the establishment of the germ theory of disease, which 
has practically revolutionized the art of medicine, and has been the 
creator of the science of sanitary engineering. 

It would be imjDossible to overestimate the value of the discoveries 
made in this field, and it is not surprising to find that interest in the 
bacteria has in years past centred largely in their sanitary and jxitho- 
logical relations, although it has long since been shown that the disease- 
producing species constitute but a small proportion of the bacteria now 
known. 

It is of interest, however, to bear in mind that the discoveries which 
proved of most value in establishing the germ theory of disease were 
made along lines affecting, not the health of any jieople, but its eco- 
nomic and industrial relations. The work of Pasteur on undesirable 
fermentations of wdne and beer, and his later work upon the silk-worm 
disease, which seemed likely to bring utter ruin to the silk industries of 
France, demonstrated in a most eflficient manner that certain specific 
organisms endowed with definite morphological and physiological char- 
acters gave rise to specific and characteristic troubles or diseases, and 
led to the theory that each disease and each fermentation has its specific 
exciting organism. The triumphs which have resulted in preventive 
medicine have amply proved the significance of this discovery to human- 
ity, and proclaim it jx^rhaps the greatest achievement of the century. 

It is not only oa the pathological and sanitary sides of the subject, 
however, that bacteriology has made its adx-ance. The technical side 
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has not been overlooked, but on the contrary has made gigantic stridps, 
leading to the establishment of exi>eriment stations and laboratories for 
the investigation of fermentation problems, and for the development of 
those branches of industry wherein micro-organisms play an important 
jxirt. To the manufacturer, chemist, or technical man this new subject 
of industrial bacteriology apjxjals even more strongly than does the path- 
ological side of the subject, and that popular interest in it is less, is 
largely because of its recent growth, and because the facts underlying 
this fascinating branch of applied science have not been sufficiently 
elucidated. 

I desire, therefore, to consider certain phases of the subject of indus- 
trial bacteriolog}', and to show, if possible, how a knowledge of micro- 
organisms may be applied to productive or manufacturing processes. 
This can best be done by describing the predominant roles — both 
useful and antagonistic — which are played by some of the micro-organ- 
isms ; useful, when we employ certain si^ecies to bring about desired 
chemical changes ; antagonistic, when the growth of the org'anisms, if 
unchecked, would give rise to harmful or undesirable substances, and 
thus result in commercial loss. Thus we may consider here the part 
acted by micro-organisms in the manufacture of vinegar and lactic acid, 
in baking, brewing, and wine making, in. the preparation of skins for 
tanning, in the dairy and sugar industries, and in certain agricultural 
processes, and so on through a long list of reactions formerly believed 
to be purely chemical in character, but now recognized as being inti- 
mately bound up with the vital processes of living organisms. 

To all these manifold transpositions of organic substances thus pro- 
duced we give the term fermentation, so that our science of Industrial 
Biolog}'' is in reality a science of fermentation, using this term in its 
widest sense, for this word has broadened in meaning as the knowledge 
of such processes has increased, and has far outgrown its original signifi- 
cance. We no longer think of fermentation as merely the transforma- 
tion of sugar to alcohol and carbon dio.xide, but as a term embracing a 
multitude of chemical reactions, all being alike in the one resjx^ct, how- 
ever, that the ultimate cause is a living cell. Before considering the 
specific fermentations in detail, some further general statements as to 
cause and manner of action may be of interest. 

Let us first consider the organisms themselves which may be utilized 
to bring about these fermentations. The industrial bacteriologist deals 
not only with bacteria, but also with certain other colorless plants or 
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fungi, for many moulds and yeasts, as well as bacteria, are of technical 
interest 

Leaving the systematic botanical position out of account for the 
moment, the above mentioned organisms ix)ssess certain characteristics 
in common. The most striking is, of course, the ability to produce fer- 
mentative changes of chemical and industrial significance. Not less 
important from the point of view of the fermentation chemist and physi- 
ologist is the fact that all these organisms may be made to grow in pure 
cultures in or upon specially prepared nutrient media, and hence their 
activity and power to induce fermentative changes may be studied with 
a considerable degree of certainty. As the methods employed for this 
purpose are modifications of those originally designed for the study of 
the bacteria, or bacteriological methods, it is convenient to class all the 
organisms which may be so studied as ** bacterial organisms,'* as has 
been recently suggested by Professor Sedgwick,^ when speaking in gen- 
eral terms, although more specifically one would refer to the generic 
name, or at least to the class name. 

Briefly stated, the three classes may be characterized as follows : 

The moulds are colorless branching organisms, increasing vegeta- 
tively by means of apical growth, and normally reproducing by the for- 
mation of spores, either in a special closed body, or sporangium, or in 
rows like strings of beads with no retaining covering. They occur 
abundantly on dead organic matter of suitable composition, especially 
carbohydrate ; grow with great rapidity, producing a mycelium, or mass 
of growth easily visible to the naked eye ; and, except under special con- 
ditions, give rise to only very small amounts of fermentation products. 
Grown submerged in sugar solutions, without access of air, they give 
rise to a vigorous alcoholic fermentation. They prefer an acid medium. 

Of greater importance are certain of the yeasts, as employed in 
bread-making, brewing, and wine-making. These are small ON^al or 
rounded organisms which increase in numbers rapidly under favorable 
conditions by a process of budding, that is, a cell produces at one end 
a little outgrowth, or knob, which develops to nearly the size of the 
parent cell, and then becomes independent by the formation of a 
dividing wall, although it may still remain attacj;ied to the older cell. 
The yeasts are especially active as producers of alcohol and carbon 
dioxide, and upon this activity their industrial value depends. In size 

' W. T. Sedgwick, " On the Origin and Scope of Bacteriology." Presidenfial Address 
before Society of American IJacteriologists. Science^ January, 1901. 
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they are intermediate between moulds and bacteria, the smallest known 
organisms. 

Although smaller and presumably simpler, the bacteria have much 
greater diversity of fermenting power, yielding a large variety of sub- 
stances. Their general appearance is rod or ball-shaped, and their ordi- 
■ method of growth is by simple fission, or the splitting of one 
organism into two. Here, too, growth is e.vtremely rapid when condi- 
tions are favorable. Many kinds are able to produce extremely resist- 
ant bodies known as spores, whose function is apparently to perpetuate 
the life of the species during periods when the environment is unsatis- 
factory for the normal vegetative development. 

Along with the increase in our knowledge of the number and varie- 
ties of fermentations and ferment organisms has come also a better un- 
:derstanding of the way in which these minute cells are able to carry 
on their characteristic actions. It has been possible, by careful investi- 
gation, to penetrate into the living laboratory, and to find out in an im- 
.perfect way the kinds of reagents which the cell uses in its chemical 
work. 

It has for a long time been known that certain cells, as for example 
.those of sprouting grain, were able to bring about the change of starch 
into maltose and glucose, the process familiarly known as malting. It 
has also been known that yeast could bring about a similar change from 
cane sugar to glucose, and that the latter substance was then " fer- 
" or split into alcohol and carbon dioxide. The power to bring 
about these chemical changes was found to be due to certain soluble 
substances of complex nature which could be isolated from solutions 
containing them, and to which the name "soluble ferments " was first 
[iven, but which are now spoken of most frequently as enzymes. Simi- 
r substances were known to be produced by certain cells in animal 
iffganisms, as for example, the pepsin of the gastric juice and the tryi> 
n of the pancreatic juice, which react almost exactly as plant enzymes 
), From time to time new enzymes have been discovered, until at 
Ihe present lime there seems little reason to doubt that fermentation 
ta we know and can study it, is entirely the result of enzyme action, 
ihhough it must ever be btjrne in mind that the living cell is the ulti- 
! cause since it is the producer of the enzyme. These enzymes, 
B has already been stated, can be precipitated or otherwise separated 
iDm the cells producing them, and in the isolated condition can give 
»e to the characteristic action which determines the fermentation, 
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although the powers of the enzyme are in some cases weakened by 
such sci)aration. The reason for this is, perhaps, because of the crucle- 
ness of the methods of pre^xiration to which we have had recourse up 
to the present time. In fact, we have no way of determining with cer- 
tainty whether the enzyme as pre^xired is in a state of purity or not, 
and the chances are very favorable that our most successful attempts 
are far from perfect. Moreover, we know that these substances are 
extremely sensitive to certain chemical comi:)ounds, bases and acids, and 
thus will act only under somewhat limited conditions 

All enzyme action is characterized by the fact that a small amount 
of the active agent can transform a comparatively large amount of the 
substance acted upon, and without itself becoming used up or destroyed. 
Thus it has been shown that in the conversion of cane sugar to glucose 
a given weight of the diastase can easily transform 100,000 times that 
weight of sugar, and with no apparent loss to itself. Sometimes the 
same chemical change can be brought about by purely chemical means ; 
for example, the conversion of cane sugar just referred to can be pro- 
duced by boiling with dilute acids ; or, to take another example, albu- 
minoid substances, which are generally changed to peptones by the 
action of enzymes, can undergo the same change, to some extent at 
least, on being treated with steam under pressure. Notwithstanding 
these facts, there still exists a great difference between this chemical 
work and the physiological work of cells. 

In order to f?ivor chemical reaction one often makes use in the 
laboratory of very violent means, perhaps a strong acid or alkali, high 
pressure or a high temi:)erature. To produce, for example, an oxidation 
process one may use reagents such as nitric or chromic acid or potas- 
sium permangcuiate. As a dehydrating agent, concentrated sulphuric 
acid, or anhydrous phosphoric acid, or zinc chloride may be used. When 
one works with living cells, on the contrary, the reactions take place in 
media of nearly neutral reaction, and the temix^rature is always moderate 
and nearly constant. The difference between these two methods of 
action is most striking. In the living cells there takes place the reac- 
tion of bodies which, according to our generally accepted ideas, have 
only weak affinities. We observe at the same time that substances 
which we ordinarily regard as very stable are decomposed within such 
cells with great facility. 

Three varieties of chemical action have been recognized among the 
enzymes ; first, and most frequent, a hydration, generally, but not always. 
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followed by a splitting of the compound into simpler substances ; second, 
oxidation ; and third, molecular decom|X)sition into simpler compounds 
without hydration. Having thus broadly defined the fermentation or- 
ganisms and the way in which they act, let us now consider in greater 
detail some of the processes of industrial importance in which these 
organisms play a part. 

We may begin with the alcoholic fermentation, since this is the one 
which has received the mc^st attention, is of most interest historically, 
and offers a large field for the microbiologist in dealing with the many 
problems presented. Four industrial processes may be here considered : 
brewing, wine-making, fermentation for panification, and fermentation 
for distillation. In all these certain yeasts are depended upon to give 
the desired result, and it is recognized that other yeasts or other kinds 
of organisms might be of great injury in giving rise to by-products of 
an undesirable nature. Thus, in bakeries, yeast is used to give lightness 
and a certam texture and flavor to the bread. The mixture of flour and 
other ingredients is heavily inoculated with yeast and put at a moderate 
temperature to " rise." Diastatic enzymes in the flour itself bring about 
the inversion of some of the starch present, and the yeast soon sets up 
a vigorous alcoholic fermentation, the bubbles of carbon dioxide formed 
becoming enclosed in the thick dough, and thus making it more or less 
spongy or porous in texture. The effect of temperature here is very 
marked ; if too high a temperature be used in raising the bread, sourness 
will result, caused by the fermentation of the sugar, not to alcohol, but to 
lactic acid, by bacteria which are present in the flour or as an impurity 
in the yeast. So long as the temperature is kept low enough these act 
but feebly, partly because of the antagonistic action of the yeast, and 
partly because of the fact that their optimum temperature is above that 
of the yeast organisms. If, however, the bacteria are present in great 
numbers, they may begin action at once and practically outstrip the 
yeast in action, therefore it is essential to use a yeast culture which is 
vigorous and at the same time relatively free from bacteria. There are, 
perhaps, certain bacteria which help out in the process of bread-making, 
and some authorities claim that bacteria are necessary, an assertion 
which cannot be accepted at present, at least not for American bread. 

The essentials of a good bakery yeast are activity in fermentation, 
and large carbon dioxide production, and it must not impart a disagree- 
able taste or odor to the bread ; hence great care should be employed in 
selecting a bread yeast. The ordinary compressed yeast of commerce 
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is, in general, distillery yeast which has been washed, mixed with starch 
or meal, and wrapped in foil to keep it moist and to prevent the in\'asion 
by moulds and bacteria. Brewing and wine-making, to be successful, 
are also dc^Dendent upon good yeast. In several continental Euroj^ean 
countries the fermentations are carried on in some places by use of pure 
cultures of species of yeast, which are found by experiment to give a 
satisfactory product. In this way all objectionable organisms, known as 
"disease organisms,'* are avoided. In America, however, the use of 
pure cultures in brewing has made but little headway, as it is claimed 
that by general cleanliness and care better results can be obtained than 
with the use of complicated apparatus such as is necessary in using the 
pure cultures. Moreover, under these circumstances the yeast remains 
fairly pure and resists action of foreign germs to a considerable extent. 
In England, also, pure cultures have not been found successful for ale 
fermentation. Among the " diseases " with which the brewer has to 
contend in this country are those which give cloudiness and turbidity, 
and brewers often claim that Americans drink with their eyes rather 
than their mouths — meaning that appearance counts for more than 
taste. The present tendency, in certain localities at least, is to get a 
product high in carbon dioxide, relatively low in alcohol, and bright and 
clear in appearance. Hence the ** culture '* yeast employed must be 
selected with care, and the disease-producing organisms eliminated so far 
as possible — a process involving a certain amount of technical skill. 

In wine-making the process is somewhat different, and the manufac- 
turers are still to a great extent the victims of chance, since they depend 
almost entirely upon the yeast which gets into the grape juice " sponta- 
neously." The skins of the grapes are covered with cells of various 
kinds, among them the species of yeast which are of most use in carrj'- 
ing on the fermentation of the juice. Disease organisms have much 
readier access here than in brewing. Brewing and wine-making differ 
in several important respects. In brewing certain grains are employed 
as sources of sugary material, while wine-making deals directly with 
fruit juices, generally grape juice. In brewing the sugars fermented 
are maltose and dextrose, and perhaps levulose ; in wine-making, princi- 
pally fructose and dextrose. In brewing we have practically the steril- 
ization of the liquid before the addition of the yeast, while in wine- 
making this is not the case. Finally, the yeast itself is different in the 
two cases. 

In fermentation for distillation yeasts are used which act with great 
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vigor and give rise to large amounts of alcohol in a short time. Here 
it is not always necessary to be so careful as to minor details, as the 
main object sought is a high yield of alcohol. Certain conditions may 
prevail, however, which render a vigorous fermentation and large yield 
of alcohol impossible, unless care is taken. Should conditions favor the 
development of butyric acid bacteria, which are likely to be present in 
the mash in large numbers, trouble may result, since this acid, even 
in very small amounts, is extremely poisonous for yeasts ; hence means 
must be used to prevent its formation. This is done by the introduc- 
tion into the mash of a small amount of lactic acid, which is poisonous 
for the butyric organisms and beneficial to yeast rather than harmful. 
Hence if lactic acid in the proper amount be added to the mash before 
the yeast is added, the vegetative butyric bacteria and their spores are 
prevented from doing any damage and the alcoholic fermentation goes 
on without interruption. Practically the same result may be brought 
about by the action of ammonium fluoride or bismuth nitrate, salts 
which restrain bacterial action, but in small amounts are harmless for 
yeast. 

Researches carried on during the past three or four years have 
shown that the yeast brings about the splitting of sugar to alcohol and 
carbon dioxide by means of an enzyme known as zymase, which exists 
within the cells, and from which it may be obtained by grinding with 
fine sand and then subjecting to pressure. The resulting substance is 
an opalescent yellowish liquid which will bring about the fermentation 
process much as yeast itself will, although less actively in some respects. 
Investigations as to the real nature of the press sap are now being pur- 
sued by a number of workers, for some of the most interesting questions 
as to enzyme action and fermentation in general are thereby awaiting 
solution. 

One should not leave the subject of alcoholic fermentation without 
a brief reference to certain symbiotic relationships between yeasts and 
bacteria. The best known of these are the " ginger-beer plant " of Eng- 
land and the " kephir " of the Caucasus, used in fermenting the drink 
koumiss, the substance in both cases being mixtures of yeast with 
one or more species of bacteria growing together in the form of lumps 
or granules, and acting simultaneously when put in suitable media, giv- 
ing rise to small amounts of alcohol and lactic acid. 

Closely related to the alcoholic fermentation is the acetic, or the 
oxidation of alcohol to acetic acid by bacteria, as in the process of 
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vinegar-making. This process has been known and employed for 2 
long time, but still it is only comparatively recently that accurate 
knowledge has been obtained as to the organisms involved, and ever 
now many supix)se that the process is a case of simple chemical oxida 
tion Through the investigations of Hansen, and more recently o 
Lafar and Henneberg, it has been shown that there is a group or rac< 
of bacteria which will develop most rapidly in dilute alcoholic solu 
tions, and if the temperature be favorable, will oxidize them to acetic acic 
and water, with sometimes the formation of an intermediate product 
aldehyde. 

The bacteria which bring about this transfer of oxygen from the aii 
to the organic substances in solution present many interesting features 
aside from their remarkable chemical activity. Although seen to be ir 
the form of short rods when in normal condition, soon after being put 
into a weak alcoholic liquid, as cider or beer, they develop rapidly intc 
thick gelatinous surface layers, which are true zooglcea masses. These 
eventually sink to the bottom of the containing vessel, forming the 
"mother of \inegar." With changes of temj^erature the bacteria un 
dergo strange changes in shape, becoming much elongated and often 
swollen so that they present no similarity whatever to the original form 
Such bacteria are widely distributed in nature, living esj^ecially in the 
earth under fruit trees and on the fruits themselves ; hence, as a rule, 
they are constantly present in fruit juices, as in sweet cider. The dif- 
ferent species show some variation in their action, some being of far 
greater value in xinegar production than others, owing to the formation 
of pleasant-smelling ethers of fruity odor, as well as a clear, shaq: 
\inegar ; while others produce less pleasing results, or may ever 
oxidize the acetic acid completely to carbon dioxide and water, thus 
being of injury rather than benefit to the manufacturer. Here, then, 
is the problem for the bacteriologist : to separate the good from the 
useless, and to cultivate them in the pure state, if experiment shows 
that the best results are to be obtained in that way. 

In the various lines of dairy work the bacteria play a most imjx)rtant 
part. Not only is the souring of milk brought about by microorgan- 
isms, but certain processes, known as the ripening of cream and the 
ripening of cheese, are due to their action. The finest butter is that 
made from cream in which certain bacteria have carried on -fermenta- 
tions, giving products of delicate flavor and aroma, and such bacteria 
are now to be obtained as articles of commerce under the name of 
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" butter culture." These butter cultures may contain a single species 
of organism, or may contain a flavor-producing species and a souring 
species, for experience has shown that if lactic acid is formed at the 
same time as the flavor-producing substances, the quality of the butter 
is improved. The chief advantages to be derived from the proper use 
of butter cultures are three : 

1. Certainty of good product. 

2. Uniformity of product. 

3. Improvement in keeping quality. 

The use of the butter culture is practically an application of the 
principle of natural selection, for the germs employed are those which 
have been found normally occurring in milk or cream, and which have 
been shown by experimental study of many species to give the finest 
results. 

The " ripening " of cheese is a process of somewhat more compli- 
cated nature, among the many changes taking place being the transfor- 
mation of casein to peptone, the formation of amido-bcxlies, and the 
disappearance of the milk sugar. Many of these changes we believe 
to be due to the action of bacteria or to enzymes, and the special flavor 
and appearance which make certain cheeses of so much value and so 
much sought for are the results of special methods of ripening. The 
bacterial changes during the process of ripening are enormous. We 
may have the number of bacteria increasing during the first stages from 
a few millions per gram to several hundred millions, and then the grad- 
ual falling off and disappearance of certain groups as the conditions 
become changed. Yeasts may be active in ripening sonic kinds of 
cheese, as in Swiss cheese, and moulds give the characteristic flavor 
to some, as in Stilton and Roquefort. 

The bacteria are not all friends of the dairyman, however. Milk, 
cream, butter, and cheese have their <* diseases," that is, defects which 
are brought about by various microbes. The prixluction of red or blue 
milk, of soapy milk, and ropy cream, and the ** puffiness '* and discolor- 
ation of certain cheeses are all results of germ action, and it requires 
the careful investigation of the skilled bacteriologist to learn how to 
prevent their occurrence, and to carry on the industry with the least 
danger, either commercially, or from the sanitary point of view. 

It should not be imagined that the bacteria which can bring about 
the formation of lactic acid, as in the souring of milk, are all of detri- 
ment from the commercial point of view. On the contrarjs they are 
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often of the greatest industrial x-aluc. Two examples of their use only 
can here be given. Lactic acid itself is an imj^ortant article of trade^ 
as it has a wide use in industrial operations, esj^ecially in dyeing and in 
distilling. The acid can be manufactured far more cheaply by fermen- 
tation than by any purely chemical process — in fact, is always so pro- 
duced. Some of the lactic bacteria are far more active than others, and 
hence a knowledge of diflfcrent sjx^cies or x-arieties enables the manu- 
facturing chemist to produce his acid with the least waste and, conse- 
quently, the least expense. The lactic acid of commerce is made in 
general from corn or some grain rich in starch. This is first treated 
with sulphuric acid to bring about hydrolysis and then fermented, a 
large excess of calcium carbonate being added at the same time. By 
carefully controlling the temperature a very rapid change is induced 
through the activity of the bacteria. 

The lactic fermentation finds another important application in the 
tanning industry, where skins of calves, sheep- and goats are used for 
making fine leather. After the removal of the hair, the skins are put 
in tanks containing lime, which dissolves out certain cement substances 
and swells the fibers of connective tissue. The remo\^l of the lime is 
necessary before the fibers will absorb tannin. Accordingly the skins 
are put in x'ats containing bran mixed with water and warmed to about 
the body temperature. A lively lactic fermentation ensues which 
causes the formation of lactate of lime, which can be washed out 
without difficulty. 

Even the remo\^l of the hair from skins is often accomplished by 
bacterial agencies. A putrefactive decay of the hair sheaths is effected, 
and the wool can then be easily pulled. Of the bacteria which are of 
use here, little is known, except that they are very active, and if allowed 
to act for too long a time, will produce irreparable injury to the skins. 
From a few personal observations I think that it is probably true also, 
that the liming process is in jxirt dejxindent uix:)n bacterial action, but 
this is an unexplored field. 

The bacteria are not only of interest in dyeing operations through 
the lactic fermentation, but a closer application is found in the prepar- 
ation of indigo. Experiment has shown that a certain bacterium is found 
on the leaves of the plant, and to its activity the production of the \'alu- 
able coloring matter is ascribed. If the leaves are sterilized, no forma- 
tion of indigo results. 

Nor is bacteriology without its application to the textile industries. 
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In the separation of the fibers of hemp, flax, and jute, bacteria have 
long been employed without its being perceived that such was the case. 
Flax is the bast fiber of the flax plant, and in order to separate it for 
the manufacture of linen, it is necessary to dissolve a gummy resinous 
substance which binds all fibers together. This is done by a process 
known as retting. The stems are gathered in bundles and then set in 
tanks or rivers or ponds, where they are allowed to stay from ten to 
fourteen days. What actually happens is that certain bacteria present 
in the water multiply rapidly and bring about the decomposition of the 
pectin gum, thus allowing the easy separation of the fibers. The waters 
of certain streams are famous for their excellence in this way, as for 
example, the River Lys in Belgium 

The food preserving industries may be mentioned as probably the 
most important in which a knowledge of how to combat the bacteria 
successfully is required. The enormous development of the canned 
goods industry, and the very extensive use of preserved foods of other 
kinds has been possible only because, wittingly or not, methods have 
been found for the destruction of the bacteria, or at least to prevent 
their action. 

It is common knowledge that, unless cooked, meats and other albu- 
minous bodies undergo putrefaction, and that starchy and sugary foods 
become sour. It is not because these substances are exposed to the air 
that they change, but because they are invaded by microbes of various 
kinds, and consequently are fermented. This microbial action may easily 
be prevented if we know the remedy and how to apply it. 

The methods of food preservation which are utilized on a com- 
mercial scale are of two classes: first, antisepsis, /.r., Ihe prevention 
of processes of decay but not necessarily the destruction of the organ- 
isms producing it, as in cold storage, preservation with sugar, pickling, 
drying, and pasteurizing. The second method is sterilization, in which 
we stop all destructive processes by removing the cause ; that is, we 
bring about the death of the organisms, and this finds large application 
in canning, i.e., the enclosure in hermetically sealed ])ackages and then 
subsequent sterilization by heat. 

The knowledge of the behavior of the bacteria becomes a very im- 
portant matter if one is engaged in any of these food industries, and 
lack of such knowledge has cost many business men large sums of 
money owing to fermentative troubles. Few people really know why 
sugar is a preservative in one case, and a source of trouble in another, 
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or why cold storage and drying are effective. The bacteriologist work- 
ing with his culture tubes in all sorts of conditions explains this. He 
finds that cold is not as fatal to germ-life as is commonly believed, but 
that with low temperatures the acti\ity of micro-organisms which 'pro- 
duce decay is lessened, or may be suspended entirely without destroying 
the vitality of the germs, for if the temi>erature be raised again the 
decomposition will begin with marked energy-. In a similar way the 
conserving action of sugar is proved to be due to osmotic changes 
brought about in the bacterial cells, by which the extraction of water 
from them results, and they are consequently rendered inert. 

It is in the canning industry, however, that bacteriology is of high- 
est imix)rtance. Here is an industry in which more than 3,000 firms 
are engaged in the United States, and the success of which is abso- 
lutely dependent upon the destruction of bacteria. Consider that in 
a single year there are packed 80-100 millions of cans of corn, and an 
equal number of peas, 125 millions of cans of sardines, 150 millions of 
cans of tomatoes, and hundreds of other foods, meats, fish, fruit and 
vegetables, in smaller amounts, and some idea can be gained of the im- 
portance of this industry. If all the cans of tomatoes packed in the 
United States during two months of 1899 were placed end to end, it 
would form a line more than 13,000 miles long. That is merely one of 
the many things preserved by canning. 

As I have already hinted, lack of definite knowledge as to how ster- 
ilization should be effected, has been the source of great financial loss. 
This source of loss has now been largely prevented, for bacteriological 
investigation revealed the cause, and pointed out the remedy. It was 
found that in the corn there were present many spore-forming bacteria, 
which could withstand boiling for hours, and required heat much higher 
than that for their quick destruction. These bacteria attacked the sugar 
of the corn, fermenting it to lactic acid, and in many cases giving rise to 
much gas ; enough at times to burst o|x?n the cans. 

Several species of these bacteria were found, some of them of great 
interest. Two or three species were traced to the green corn as it came 
from the fields, and their source thus discovered. In other kinds of 
spoiled canned goods, other species of bacteria were found, and in every 
case by study of the organisms it has been possible to provide a sure 
remedy against the e\il. 

The bacteria thus of so great commercial detriment, are of no path- 
ogenic variety ; they are of greatest interest to the food preserver, and 
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in justice to the men engaged in the industry it should be said that most 
of the canned foods to be obtained in the markets are prepared with the 
greatest care, and are free from bacteria, making them of prime \^lue 
as food, and without objection from a sanitary point of \'iew.^ 

Closely connected with the food preserving industries might be men- 
tioned the process of cane sugar refining. Here, too, the bacteria are 
to be reckoned with as factors of the greatest importance, since it is 
estimated that in some sections fully 40 per cent, of the raw sugar is 
inverted by bacterial enzymes and thus made uncrystallizable. If not 
prevented, the fermentation of the sugar may follow, giving rise to a 
great number of products of decomposition. Of most interest, perhaps 
is a change brought about by a bacterium, Lcnconostoc viesenteroides 
and its allies. This organism grows but poorly when submitted to the 
usual treatment in the laboratory. 

In solutions containing cane sugar, on the other hand, it develops 
\*ith extreme rapidity, and is characterized by the formation of immense 
gelatinous masses of zoogloea, sometimes of several cubic feet in size, 
and oftentimes completely filling the conductors and pipes of the refin- 
ery, thus entailing heavy loss. This organism is of interest, further, 
because of the fact that the gelatinous capsule acts as a protection to 
the living cell, and endows it with a certain amount of durative power 
so that the organism may withstand considerable periods of drying. 

Recent study has shown that the number of species of bacteria 
which may invert or otherwise act upon raw sugar solutions is very large, 
and the industry is also beset with difficulties due to some, extent to 
higher fungi, esjDecially certain moulds. 

Although less readily apparent, the r61e of the bacteria in the soil, 
in their relations to agriculture should be regarded as of the highest 
importance. Owing to the difficulties encountered in pursuing inves- 
tigations in this line, our knowledge is still very imperfect, but we 
believe that through microbial activity the dead organic matter in the 
soil is transformed into mineral matter or into a form that can be 
utilized by green plants. Thus we get a cycle of processes taking 
place in the living earth. Several groups, and probably very many 
species of bacteria are involved in this work of breaking down matter 
and building it up again in new combinations. One group attacks 
the cellulose of dead plants, reducing it to simpler substances. Matter 
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like urea is first hydrolizcd and changed into ammonium salts by 
another gro^P* ^"^^ the ammonium compounds arc oxidized first to 
nitrites bv the nitroso-bactcria, and still further to nitrates bv the 
nitro-bacteria, thus completing the process of nitrification, or mineral- 
ization. The green plants then take up the nitrates, using the nitro- 
gen in building up new protoplasmic material in the form of living 
cells, thus transforming the mineral matter back to organic, and com- 
pleting the cycle. 

Here, too, should be mentioned a group of bacteria found in the 
soil which enter into symbiotic relations with leguminous plants and 
thereby give to them the power to absorb nitrogen directly from the 
air. This process is known as the fixation of nitrogen. The bacteria 
enter the root hairs of the plant, increase in number, and bring about 
the development of nodules or tubercles. Under these conditions the 
bacteria become somewhat modified, some being actively motile, while 
others become quiescent. In a later stage the non-motile rods become 
branched and form a fine network known as the bacteroid tissue. 
When these modules are developed, the plant can take nitrogen from 
the air and use it in building up its own substance. This remarkable 
power has been found in only one or two species of plants outside the 
Leguminosie, but practically all genera of this family can enter into 
this strange commensalism with bacteria, and thus these plants are 
characterized as nitrogen collectors, while others are nitrogen con- 
sumers. It has been suggested to utilize cultures of such organisms 
to enrich worn out land by inoculating the soil with them, and it is, 
perhaps, not too much to expect that science will turn these organisms 
to good account by rendering them even more productive, although 
the experimental stage of the process has not yet been passed. 

In the foregoing pages have been imperfectly sketched some of 
the ways in which the bacteria have proved of use or importance in 
industrial operations. Others might have been mentioned. Moreover 
a large number of processes await investigation to prove definitely 
whether they are to be ascribed to bacterial causes, among them 
the production of silage and the curing of tobacco. Whether such 
changes prove to be of bacterial origin or due to enzymes produced 
by other organisms, there can be little doubt that the future will 
show many new ways in which the bacteria will be made useful to 
mankind. 
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Wherever we have accounts of the early races of man, we find 
that, surrounded by the forces of nature, he has endeavored to make 
himself the master of these forces, for he early learned that his happi- 
ness and chief good depended upon such. action on his part. Where 
the original man depended upon the crudest of implements to till the 
ground by slow stages, mechanical appliances allowed him to concen- 
trate the strength of beasts of burden upon the accomplishment of 
these tasks ; he was enabled to provide for himself and his family 
some shelter other than a cave, that the fury and ravages of the 
stormy winds might be turned aside ; he learned to make coverings 
for his body, adapting them to the season ; but he soon found that his 
needs were increasing faster than his ability to supply them ; for, where 
skins of wild beasts once sufficed for clothing, it proved cumbersome 
and hea\y when the scorching sun shone from a cloudless sky, and the 
shelter that replaced the cave was not enough to protect him as it 
should. Just when man discovered that by interlacing small fibers 
material could be supplied for coverings which might be made thin or 
thick, and adapted to the extreme conditions under which he might 
find himself, is not known, but it is certain that several thousand years 
ago the Egj'ptians had developed many lines of industry in a high 
degree, as, for instance, spinning and weaxing, making use of both 
form and color in their designs ; for they were not content to provide 
alone for the comfort of the body, but also for the pleasure that might 
come to the eye in looking upon the design. 

That most important fact which underlies the art of spinning, Wz., 
that fibers of limited length might be made into a continuous strand by 
twisting them together, was a well-known principle, but for a very long 
time there was nothing to aid the hand in accomplishing the result. 
When the yarn was made and it was attempted to form the fabric, a 
crude loom assisted the dextrous fingers to complete the weave ; true 



144 William IV, Crosby. 

enough, there were many beautiful fabrics, cloths of purple wrought, 
so it is said, with fine gold, but these were the result of the slowest 
kind of hand work, and of necessity were so costly as to be beyond the 
reach of any but the rich. 

Again, we find from history that one of man*s pleasures has ever 
been to travel abroad that he might visit with his fellow men. In the 
ancient days he set out with his beasts of burden, and slowly, even 
painfully, made his way from one place to another, with nothing to 
protect him from the tempest's wrath, with no means to cross streams 
other than fording, and arriving at his destination oftentimes so fatigued 
as to find little or no pleasure in the realization of his dreams. For 
many centuries man lived thus, although he was far from content. 
He mastered letters, in the fine arts he excelled, but his condition was 
not strikingly different from one century to another, until during the 
eighteenth century there came a firmer grasp upon the laws of nature, 
when it became evident that there must soon be an awakening, which 
must form the- basis for an advance which hitherto had never been 
thought possible. 

T was well said, indeed, that " T was ne*er entailed from sire to 
son ; learning by study must be won ; " and this is strikingly true 
to-day ; but there is now a vastly greater field of previous successes 
and failures from which learning may be won. The boy in school 
often feels dissatisfied and chafes under the amount of work that his 
teacher requires of him ; usually he little knows of the hours of time 
spent and the volume upon volume that the instructor has gone through 
in order that the most accurate statements may be made, that the 
information given may be condensed into the smallest space, and that 
the teaching may be as comprehensive as possible. What is attained 
in the present day, and that we apparently attain so much more in a 
given time than formerly, is due to the fact that we have learned to 
make these records of bygone days of more and more avail, and that 
we are not satisfied with learning for its own sake, but rather for what 
it teaches us to do in bettering our condition. When we wish to travel 
to-day, there awaits our pleasure a veritable palace on wheels, which 
defies storm and wind and rushes on over river and fen, never slack- 
ening its speed until its destiYiation is reached. Likewise there are at 
our disposal an infinite variety of fabrics, machine made, and therefore 
at prices which all can afford, and adapted to our many wants. It is 
a fact that many of the attainments that have given us useful material 
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have not gone through any processes of inductive reasoning, but have 
been the result of chance : if, however, a trained mind had not been at 
hand to interpret, recognize, and see possibilities in the new phenom- 
enon, in almost no case would it have developed into the reality. 

The century just closed has witnessed the inception of nearly every 
enterprise that we now have, and that this is a fact is due chiefly to the 
carrying out of the principle of truth, ever and always a most lofty 
principle, particularly with reference to the scientific work, as men- 
tioned before. 

In this century we have had the steam engine so far perfected that 
we may find in a single machine the power of thousands of horses. We 
have the electric telegraph, which has been called one of the greatest 
ci\ilizers and engines of peace the world has ever seen ; more recently 
is given the telephone, which already enables us to talk as readily one- 
third of the distance across our continent as we can face to face, and 
there are at hand the means for indefinite extension. Our factory 
wheels and our street cars are moved by a waterfall, where the water 
has been tumbling ceaselessly and aimlessly for countless ages, waiting 
until the nineteenth century before it should be harnessed. Roentgen 
has given the world the X-Ray, which has well-nigh revolutionized sur- 
gery, and even more, for the day has long gone by when this powerful 
agency has done no more than to show us the embedded bullet or the 
broken bone, and now opens to the physician the very inwardness of a 
man, showing the heart action, lung diseases and the like, as clearly as 
if printed upon the open page. 

It is not to be wondered at that Keeley, with invisible capillary 
tubes, charged with highly compressed air, could impose upon a long- 
suffering public ; nor, again, that another man could float a company 
which proposed to make ten electric lights burn where but a single one 
glowed before ; nor that a Jernegan should obtain thousands of dollars 
belonging to other people presumably to organize a company which 
might extract gold from sea water, — not quite so preposterous, to be 
sure, as extracting sunbeams from cucumbers. There was an element 
of truth, however, for does not even the embryo chemist know that 
there are gold and silver in sea water, and does he not know that it is 
found in very small quantities and that some natural facility must be 
afforded to handle larger quantities of water at the lowest cost, if the 
thing is to be made practical 1 When Jernegan established his plant 
on the far-away coast of Maine he took account of all these things. 
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for there the tides rise high and flow swiftly. The water that might 
be treated at one ebb and flow would be carried far away and a fresh 
lot brought to hand for treatment, by nature's own forces. Here was 
a case where even scientific credulity was imposed upon, although by 
a sufficiently careful analysis it could most surely have been shown that 
the operation was at fault. 

All this goes to show that the human family does pay deference to 
the productions of modern science and is ever ready to receive and 
appropriate new truths as they are promulgated. There must of 
necessity be some bad mbced with the good, some bitter with the 
sweet. 

An historical review of scientific attainments of bygone days shows 
that many phenomena were observed and many individual investiga- 
tions made, but each was distinct by itself and had little or no 
connection with others. They added little, if anything, to the happi- 
ness or advancement of the human family, so that when they did 
become, in later days, of some importance, and when there appeared 
a particular connection between themselves and the daily affairs of 
men, they were discredited. In other words, there came to be drawn 
a very strong line dividing theory and practice. 

At the present time this barrier is fast sinking. In nearly every 
case where we hear it said that theory and practice do not agree, we 
can find by investigation where the theory was wrong or incomplete, 
usually the latter, or where the practice was imperfect. 

There never was a time in the world's history when advancement 
along all lines of manufacture has greater impetus than now. We 
have striking illustrations of the relations between manufacturing coun- 
tries where trained skill is employed and those where it is lacking. 
It is shown that, within the United States, those States that do most 
for education have the highest productive capacity. With an average 
duration of school attendance in a recent year of 4.4 years for the 
United States at large, Massachusetts showed seven years and Tennes- 
see but three years. The productive capacity of the United States at 
the same period was 55 cents per day, Massachusetts 85 cents, and 
Tennessee 38 cents. The expenditures were, for the United States, 
$2, 6t per capita of population ; in Massachusetts, S5.07, and in Tennes- 
see, 83 cents. This is not an isolated case, although it is a ver^' strong 
one, and its lesson is obvious. 

We have seen in our own country a most phenomenal growth in 
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the iron and steel trade. Why have we been able to build bridges 
in a shorter time and at a less cost, to be erected in a far-away conti- 
nent, where all the mechanical appliances to be used in their erection 
might be had only by taking them there, where men used to our cli- 
mate have worked under tropical suns and under the most adverse 
conditions, and then have received the well-merited applause of the 
whole world ? Why have we been enabled to build locomotives, adapt- 
ing them to the particular conditions of countries all over the earth, and 
to place our products in competition with the world? Why have we 
made tons upon tons of water wipe to send to Australia ? Why are 
there many representatives from the far-away " Yankee land of the 
East " in our country to buy looms ? Again let me ask, why have we 
been able to do these things within the last decade and not before ? 
Surely not because the iron ore was not in the mountains, nor for the 
lack of coal, nor yet for the lack of capital. There can be but one 
answer. Because we did not know how. 

From time immemorial the man who has mastered letters has been 
universally looked up to as the possessor of something occult, that he 
was far above those who had not his attainments. Those professions 
that depended upon such a knowledge were accordingly placed on a 
high pedestal long ago, while he who shod your horse and mended the 
tire on your wagon was looked upon as one possessing a trade, which 
was to be attained only by the repetition of those selfsame operations. 
To be sure, the man of letters could have learned those operations, and 
doubtless they would have been learned very well ; but the step from the 
blacksmith's anvil to the great hammers weighing many tons, which 
now forge the frames for a multitude of new machines, the field rings 
which make possible the gigantic generators at Niagara, the armor plates 
which protect our battleships, and the shafts which drive these ships 
from ocean to ocean, would never have been possible if something other 
than manual dexterity had not been acquired. 

It was not often that the apprentice ever exceeded his master in 
skill, and if he did it was in some trifling detail, if he depended upon 
his hands alone. When once it was realized that the advancement in 
any line was attained, not by a great manual dexterity, but by an appli- 
cation of the mind through the hand, then we had the inception of 
scientific schools. 

Without doubt the high position of our own country in the affairs 
of the world along the lines just spoken of may be ascribed to the 
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training that we have had through these scientific schools. There is 
one school which elates back to about the first quarter of the last century, 
but those that are now the largest and best known date back to within 
only the last half century — far enough back, however, so that the grad- 
uates may take important positions in the manufacturing and mercantile 
enterprises which are so far in the lead of our great prosperity. 

The growth that is of the most importance is the one whose roots 
have sunk deep enough to supply in the dryest time the trunk and 
branches with the needed nourishment, where the minimum flow must 
never be less than such an amount as will satisfy the demands of the 
whole. Such a growth is of necessity slow, and usually the slower 
the growth, the firmer will be the substance, well fitted to withstand the 
storms and ra\'ages of time. 

The centuries have been accumulating a fund of knowledge, which 
is now in our hands ; it has led us to the position where we can 
advance much more rapidly than of yore, each success making way for 
many new and useful things. Suppose the carpenter to be building 
for you a house ; nowadays he selects for his stock the frames, boards 
planed and finished, mouldings, floorings, doors and window frames, 
where once he was fortunate to obtain the lumber roughly squared 
and dry enough to work. What is the result } Does the carpenter 
know less, or are these x-arious specialists mere machines of parts of 
their machines } Does it throw out of employment the high-priced man 
who could perform all these operations } No ; rather it opens up count- 
less other positions in allied industries, giving in almost every case 
employment to a far greater number of men, and with the added advan- 
tage that the product may be within the reach of a vastly larger number 
of people, whose homes may be beautified, or made comfortable, or both. 
Who a hundred years ago ever heard of a motorman } Or what would 
our forefathers understand by such terms as conductor, lineman, stoker, 
brakeman, bacteriologist, analyst, or, indeed, a score of others } 

Each specialization brings a new field with its many positions into 
view, and adds rather than cuts down the number of a\^ilable oppor- 
tunities where men may work. To be sure, many improved machines 
do away with an amount of manual labor, but require more and better 
skilled labor at the head of the line. The law of the survival of the 
fittest must ever dominate. 

In seeking to surpass previous attainments, man long ago had pro- 
vided well for the necessities of life, and not much was lacking to make 
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him comfortable, but he was not satisfied with this ; he launched out 
in all directions ; he would have fruits from the tropics, spices from the 
East, tea, coffee, and, in fine, everything to be had in the world, and 
would exchange for them his own pntducts. He must have ready 
and efficient means for communication, that he might travel and visit 
where\-er he chose. He was not satisfied to clothe himself with that 
which would make his body merely comfortable ; he sought to adorn it, 
and the coverings of the walls and floors of his house have been treated 
similarly. 

There is no more striking mark of the ad\'ance of ci\'ilization of a 
people than the degree of beauty in their structures, — -this term being 
used in the broadest sense, comprising whatever must be put together 
for some particular use, but is nevertheless susceptible to adornment, — 
and this is especially apparent In the textile fabrics. 

There is no department among the industries of the world where 
there has been a greater lack of well-trained minds than in producing 
the countless varieties of fabrics with which we clothe ourselves and 
beautify our homes. To be sure, it is not so very long a time since 
there was nothing but the crudest form of hand machine to clean the 
fiber, make the yarn, or weave the cloth ; and until the cloth itself could 
be constructed there was obviously no chance to even attempt to 
beautify. 

The tapestries of the olden time and the fabrics with their intricate 
designs were made by the slowest process of hand work, and were 
therefore so costly as to be beyond the reach of the masses. When 
power machinery was introduced, the quantity of the output was 
increased, a uniformity of product secured, and a great reduction in 
price made, although none but the plainest of goods was produced. 
This was the first great step forward, but in a work on cotton manu- 
facture, published no longer ago than 1836, it is stated that "the plain 
loom is running well, and great hopes are entertained that there will 
soon be a power loom for weaving fancy goods." There have been 
great difficulties for the manufacturer to overcome, and there has been, 
accordingly, the greatest tendency for him to continue with a given line 
of gixxis, so long as a market could be found, changing only when 
necessary to keep up the trade. 

The apprentice system was good, and it turned out men who man- 
^;ed these enterprises in a masterly way, but who shall say that it 
nught not have been better.' It is not in the power uf every one to 
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impart knowledge, and the young man who depends entirely upon his 
own quickness of perception, and what he may acquire by chance from 
others, is most surely handicapped in the race with the elements, as 
compared with him whose mind is directed by those selected for their 
cai>ability and skill in whatever line it may be. There is not a lack of 
proi>erly developed artistic ability to blend form and color in jxirfect 
harmony ; this has been in the world for centuries. It is the vuchan- 
ical means to reproduce these things that has been lacking. Who can 
estimate the uplifting influence of the numerous photographic, litho- 
graphic, and other printing processes in scattering broadcast, and bring- 
ing within the reach of the jxKjrest, the best art in the world } While 
this may have its effect uj^on civilization, jx^ople are not com^^elled to look 
at such things, as they are compelled to look upon their clothes, carpets, 
and hangings, which contribute primarily to their comfort, and yet have 
been well-nigh hideous to the sight. Here we meet the serious question 
of mechanical devices to further our ends. 

Wonderful results have been obtained, but the field is wide for 
conquest. Even now many processes are crude, but the means for 
study and investigation are increasing fast. 

Foreign countries are far ahead of us. Germany in particular has 
a most elaborate system of schools in direct touch with nearly every 
department of industry, and is, accordingly, occupying an en\iable 
position with relation to the world's affairs, though according to our 
standards their schools are chiefly trade schools. 

A piece of plain fabric, long a standard product of our mills, is 
worth, as raw stock, some eight or nine cents per pound, and only 
eighteen cents per pound as print cloth ; to this additional nine or ten 
cents are charged the pay roll, repairs, taxes, insurance, depreciation, 
waste, and a very small profit. A bit of Swiss muslin is worth but 
little more in the raw stock, yet with the same pound of cotton in 
twenty yards of fabric will sell for $8 or $10. Is it not time that we 
were alive to the situation } 

In devdoping the higher grade of goods, particularly with color 
added, we must take advantage of almost all the research of modern 
science ; at least, we must appropriate something from every depart- 
ment, for the degree of precision attained demands an application of 
skill in a continuously increasing quantity. 

The question of trade schools and of how far science may be applied 
to art without losing its identity has been long a subject of discussion. 
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It needs no extended ar^ment to prove the value of the application of 
the principles of pure science to the production of tangible results. 

The gap between pure science, particularly in mathematics and 
physics, on the one hand, and applied science on the other, has been in 
many cases as great as between science in general and the so-called 
practical part of the world ; and it is even amusing to a disinterested 
spectator to note the apparent astonishment on the part of certain 
speculative mathematicians, whose great delight is in the 4th, 5th or 
;//// dimensions of space, when they are shown tangible results that can 
be laid off and measured with a foot rule, emanating from many-fold 
integrals. 

If we admit that material progress is dependent upon a perfectly 
secure footing in the principles of science, we must not leave any stone 
unturned until these fundamentals shall be as surely established as is the 
rock of Gibraltar. One man or set of men must enunciate and substan- 
tiate the purely theoretical part of the work, and another must take up 
so much of that as may be necessary to the completion of their ends, for 
it is obvious that no one man can live long enough to dominate both 
fields. While not discrediting the trade school, so called in the strictest 
sense of the word, one should look with some suspicion upon it, if it does 
not make use of the latest and best methods of science, — not depending 
upon the result alone, but inquiring carefully into the correctness and 
reliability of all the elements. It is not enough in many cases to give 
a man a general training which will enable him to understand the deduc- 
tions of the purely theoretical side, leaving him to find an application 
for himself. True, there will always be a demand for a large number 
of these men, but there will be an equally great, if not greater, demand 
and for a larger number of men who are one step further removed from 
the purely theoretical side, and at the same time are more strictly in 
touch with the material or result-yielding portion of the community. 

There is invested in the State of Massachusetts in the textile indus- 
try about one hundred and sixty-seven million dollars. While there is 
a question in the minds of some as to whether the cotton industry will 
survive th.e competition of the South, there surely is not any need to 
fear a very immediate removal. There are certain features of the case 
which will eventually change, so that the question of labor, taxes, insur- 
ance, and others closely allied, will doubtless soon settle themselves. 
With all this capital invested, it can safely be taken for granted that if 
we cannot make the coarser grade of goods, we will make the finer. It 
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is, then, no wonder that hitherto the large proportion of our cotton crop 
should be sent abroad, manufactured into the finest goods, sent back 
here and sold over the counters of our stores ; for we have not been 
providing the means to properly train our own people, who should have 
been employed in manufacturing these goods, while across the water 
every possible means has been brought forth. Long ago we found our- 
selves solving well some kindred questions. More recently we have 
taken up the problem of the application of science to the textile world, 
and we find that the further we travel, the higher we climb, just so 
fast does the horizon, which seems to mark the limit of attainments, 
recede. 

The leading manufacturers of Lowell long ago realized the necessity 
for meeting this problem, and after much study organized as the Trus- 
tees of the Lowell Textile School. In this school they have collected 
. such machines as are in use in the production of the fabrics of the 
present day, and have assembled a corps of instructors who are entirely 
familiar with the practical running of these machines, and at the same 
time, so far as possible, are thoroughly well grounded in the theoretical 
side of their several branches. It was seen early that such a school 
must, first of all, produce as good results as were attained in the best 
mills, and when this point was attained, all the research of modern 
science must be brought to bear if any advance was to be made. The 
Avork soon developed into the laboratory method, the instructor first 
covering the ground by a lecture, and afterward causing the student to 
produce the tangible result upon the machine. When it is realized that 
at the present time almost endless numbers of effects in the finished 
goods are produced by combinations of fibers, chemical changes, etc., it 
is not hard to see how extensive an equipment is necessary to handle 
such work. 

The school already has complete equipments for producing the 
different x^rieties of cotton, woolen, worsted and other yarns, making 
the designs, ornamentations, and harmonizing the colors for the fabrics, 
weaving the same, as well as handling the chemistry and dyeing which 
may be necessarily connected therewith. The school has been in opera- 
tion a sufficiently long time to observe the results attained to some 
extent, and it is found that these results have been good ; for every- 
where the manufacturer is realizing, as never before, that he must have 
trained skill in and about his mill ; and on the other hand, it is seen that 
science alone is of small avail if it be not applied. 
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BOOK REVIEW, 
Electrical Testing.^ 

As a result of the rapid development of the profession of Elec- 
trical Engineering and the consequent necessity of giving an adequate 
experimental treatment of the various branches of the subject, the 
demands on the time of the student have become most exacting. 
This forces one to consider most carefully the general arrangement 
of laboratory work and the particular experiments which should form 
the course. As it appears to us, the subject of Electrical Testing 
should be one that not only furnishes the student with certain tools 
of trade, but should possess a real educational value in establishing 
a critical attitude of mind in respect to all experimental work. There- 
fore only the best methods should be included in the course, and these 
should be accompanied by a suggestive text in which possible sources 
of error are adequately discussed. It is with these things in mind 
that we turn to the recent volume by Professor Parr. 

The sub-title, " A Course Suitable for First and Second Year Stu- 
dents and Others,** explains in a measure the nature of the experi- 
ments included in the book, and the statement that the volume is 
to be followed by another which will treat of experimental work of a 
character more intimately connected with electrical engineering, may 
be taken as an explanation why certain things are omitted. 

The book is divided into four parts. The first is a laboratory 
manual of 215 pages devoted to direct current measurements, includ- 
ing properties of iron and measurement of inductance. In this sec- 
tion the subject matter is divided into 120 sections, nearly every one 
of which treats of a distinct experimental method. Following this is 
an appendix of 30 pages in which demonstrations of the various for- 
mulae occurring in the first part are to be found. A section of 10 1 
pages treats of apparatus, and is illustrated by cuts of instruments by 



* Practical Electrical Testing in Physics and Electrical Engineering. By G. D. Aspin- 
all Parr. New York: Longmans, Green & Co. 392 p., 231 ill. $2. 5a 



I Si Frank A. Laws. 

well known makers, as well as those in the laboratory of the author. 
The concluding pages are occupied by Tables of Constants, Loga- 
rithms, Trigonometrical Functions, Squares, Reciprocals, Doubled 
Square Roots, and an Index. 

Each experimental section is subdivided as follows : An introduc- 
tion containing in a condensed form the theoretical consideration on 
which the experiment is based. A statement of the apparatus re- 
quired. Instructions as to carrying out the observation, and in some 
cases specific questions on the preceding work. 

On opening the book one finds that the first section is on Curve 
Plotting, but the capabilities of the Graphical Method for determining 
the constants in particular forms of equations are not referred to. 

« 

Another noticeable omission is that of all precision discussions, as 
well as those pertaining to best arrangements of apparatus. Also no 
adequate treatment of possible sources of error in the various experi- 
ments is given. 

The elementary nature of the earlier experiments is probably ex- 
plained by the fact that the book is for the use of first year students ; 
but it seems to us that a number of them might with profit be omitted, 
especially if the student has had previous training in manipulation. 
For instance, there are four methods of measuring galvanometer resist- 
ance ; eight methods for battery resistance ; and nine methods of com- 
paring E. M. F's. We understand that the book is not a compendium 
of methods, but a laboratory manual, and as such the methods pre- 
sented to the students should be those of approved value. 

The instructions for the experimental work are so specific that 
much of the educational value of the laboratory training is lost. A 
notable omission is that of all calibration work, one of the most im- 
portant branches of Electrical Testing. 

In view of the foregoing, our chief criticism of this laboratory 
manual is that it fails to embody those results of criticism and of per- 
sonal experience which contribute so much to the training of the stu- 
dent and qualify him to attack new problems in the most advantageous 
manner. 

Frank A. Laws. 
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Boston, April 11, 1901. 

The 5 5 2d regular meeting of the Society of Arts was held on 
this day at 8 p.m. at the Rogers Building, President Pritchett presiding. 
Fifty persons were present. 

The following candidates were elected to Associate Membership : 
Messrs. John S. Eynon, C. E. Sherman, and Joseph G. Riley. 

Dr. George W. Field, Biologist to the Rhode Island Agricultural 
Experiment Station and Lecturer on Economic Zoology at the Insti- 
tute, spoke on " The Increase of the Food Supply of Mankind through 
the Cultivation of Marine Animals : a Problem in Economic Zoology.'* 

" The shore and deep sea fisheries were the economic foundation 
of human existence in New England. The numerous shell heaps 
along the coast testify to the importance of the shellfish to the 
Indians ; the chronicles of that first winter on Plymouth shores tell 
how the Pilgrims 'sucked the abundance of the sea.* The settlers of 
Boston and the North Shore laid the foundations of prosperity in salt 
codfish for export trade. 

''Massachusetts is well-nigh alone in her fortunate aquatic geo- 
graphical situation, being at the meeting line of the cold northern 
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waters remarkable for the small number of species but enormous 
numbers of individuals, e, g,, cod, herring, lobster, oyster, clams, 
scallops, etc , and the warm tropical waters remarkable for the untold 
multitude of different species but with a relatively small number of 
individuals of each species. 

"The physiographic features of Massachusetts likewise made for 
great productiveness ; the indented coast, with shallow bsiys, and 
numerous rivers cause a rapid growth of marine vegetation, which 
becomes the pasture for enormous quantities of marine animals, 
which, in turn, become food for man. This change of inorganic 
substance washed from the land into plant and animal substance is 
rapid on our shores, and the productive capacity of any area is 
dependent upon the rate of change, just as a business enterprise may 
prosper according to the rapidity with which the capital is turned over. 

** Aquatic plant and animal life falls into two groups : the station- 
ary, fixed to the bottom, and the freely wandering, the Plankton. 
The Plankton is the more valuable for producing crops of food 
animals, and a study of the Plankton permits a forecast of the pro- 
spective and actual economic value of any given area of water. 

** Water under favorable conditions produces a greater quantity of 
nitrogenous food material than an equal area of land Water is as 
amenable to cultivation as land, and conditions are practically dupli- 
cated. The same conditions which have led to the necessity of 
cultivating the land are beginning to call urgently for the cultivation 
of the water. Increasing population results in increased demand, 
soon exceeding the supply. Unless the supply be augmented, we 
draw on nature's capital, and biological bankruptcy is sure to follow. 
The destruction of adult animals by man results in upsetting nature's 
equilibrium, and upon man comes the responsibility for making the 
proper adjustments. Civilization continuously restricts the areas 
available for marine animals. Human cupidity and lack of foresight 
lead to improper laws. * That the products of the sea belong to the 
people as a common heritage guaranteed by the constitution ' is nar- 
rowly interpreted in the interest of those who catch or sell the 
products, and against the interests of * all the people ' who are 
dependent upon the products of both land and sea for reducing the 
cost of living. The public, through the machinery of the state, has 
decided upon its relations to the ownership of lands and their prod- 
ucts ; similar decisions must be made in regard to water areas. This 
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is especially important for the clam industry of New England. 
Uniformity in biological legislation for sections which have the same 
biological conditions is feasible and necessary. Steps should be taken 
to make uniform laws in New England in regard to the lobster, clam, 
oyster, scallop, game, fish, birds, injurious insects, and infectious 
plant diseases. 

" Public biological museums should he located in every city, espe- 
cially conducted for giving reliable information upon all economic 
questions in regard to plants and animals. Each collection should at 
first deal only with the species and conditions found in that imme- 
diate vicinity. In this way a reasonable degree of completeness 
might soon be obtained. 

"The problems immediately connected with the supply of lobsters 
are numerous, important, and difficult of solution. The aggressive- 
ness of the lobster, young and adult, precludes sociability, and there- 
fore the number which can live in a given area is strictly limited. 
The natural breeding ground, too, of the species is comparatively 
restricted ; it is bounded on the north by the icy waters of the Strait 
of Belle Isle, between Newfoundland and Labrador, while the most 
southern point where stragglers have been taken is the coast of 
North CaroHna, an area appro-vimately 1,300 miles long and thirty to 
fifty miles wide, or about 50,000 square miles. The coast of New 
England should produce the greatest number of marketable lobsters, 
since it is at about the middle of the range. 

" In spite of assertions to the contrary, it would seem that the 
following figures, compiled from the returns to the Massachusetts 
Commissioners of Inland Fisheries and Game, indicate conclusively 
that there has been a steady and rapid decrease in the lobster supply. 
Of the nine years for which returns of Massachusetts arc available for 
study, three show an increase in the number of lobsters caught ; but. 
unfortunately, this is the result of a larger increase in the number of 
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Or net decrease given in percentages : 

In number of men employed, 21.2% 

In number of traps used, 17.7% 

In number of large lobsters taken, 43.9% 

In number of egg*bearing lobsters reported, 52.2% 

** This shows th^t there is a smaller net decrease in the number 
of men ; that these men are compelled to use a greater number of 
traps per man on the average, and that the number of lobsters above 
\o\ inches has decreased very markedly (by nearly one-half), while 
the number of egg-bearing lobsters reported has diminished more 
than one-half. 

*' The main cause of the decrease is the increased demand, leading 
to the destruction of the sexually, mature adults ; an increased demand 
which has not been met by a corresponding increase in the supply. 
The demand has been stimulated by the gastronomic devices, but the 
source of supply has received little popular attention beyond the short- 
sighted policy of catching as many lobsters as possible. 

" Ultimately man must assume the same relations to the lobster 
and fishing industries as has come about with domesticated animals 
and plants. Thus far no satisfactory method has been devised for 
domesticating and propagating the lobster ; the necessity for it is only 
beginning to be urgent. The method of life, the seasonal immigra- 
tions from deep to shallow water, the slow rate of development and 
growth, and, above all, the combativeness and cannibalism of the old 
and young, all unite to make the problem of artificial cultivation diffi- 
cult to handle, though by no means hopeless in the present state of 
our knowledge. The great need is for study, correlation, and inter- 
pretation upon methods of rearing the young and of catching lobsters 
of the size best adapted for the market, with special reference, to 
maintaining and increasing the supply." 

The thanks of the Society were most heartily extended to 
Dr, Field for his able paper. . 



Boston, April 25, 1901. 

The 553d regular meeting of the Society of Arts was held on 
this day at 8 p.m.. Room 11, Rogers Building, Professor Peabody 
presiding. One hundred persons were present. 

The report of previous meeting was approved. The Chairman 
appointed Mr. Leach, Dr. Walker, and Professors Peabody, Bartlett, 
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and Laws to serve on a committee to nominate the Executive Com- 
mittee for the year 1901-1902. Messrs. William A. Hovey and 
W, O. Sawtelle were electee! to Associate Membership. 

Professor J, E. Denton, Stevens Institute of Technology, gave a 
very instructive address on " Principles of Action of Various Types 
of Refrigerating Machines." 



Boston, May 16, 1901. 
The 39th Annual Meeting fthu S54th regular meeting) of the 
SociETV OF Arts was held at the Institute on this day at 8 p.m., with 
President Pritchett in the chair. Fifty-six persons were present. 
The records of the previous meeting were read and approved. 
he Secretary read the Annual Report of the Executive Committee. 
[ was voted that the report be accepted and placed on file. 

ANNUAL REPORT OF THE EXECUTIVE COMMITTEE. 
The liral meetmj; of the SuciBTV OF Arts for the present year was held on October 11, 
)DO. Fourteen meeting.^ have been held, the average altendance being t4j. Thtt shows a 
Miidet*hle gain over last yeai. 

The f.illawing papeii have been read: 
■• Color Photography," by Professor Louis Dorr. 

"Some Experimenu in Architectural Acoustics," \yj I'rofeisor Wallace C. Sabine. 
"America's Contribution to Our Knowledge of the Siie and Figure of the Earth," by 
>r. Henry S. Pritchett, Preaident of the Insiilu'e of Technology. 

•' Applied Sdence in the Textile World," by E>rofessor W. W. Crosby. 
"Landscape Architecture in Thii Country," by Mr. Guy Lowell. 
" Shipment of Freights to Europe," by Mr. William H. Lincoln. 

" Photography wiih the Great Visual Telescope of the Verkes Observatory," by Pro- 
»*or George E. Hale. 

"The Designing of the Ituffalo Exposition," by Mr. Robert S, Peabody. 
"A Foicat Policy for the United States," by Mr. Gifford Pinchol. 
^^ " The Use of the Microscjpc in the Study of (he Chemical Constitution and Physical 
Properties of MelaJs," by Dr. lleiiiy Fay. 

"Electrical Wave- Transmission," by Professor M. I. Pupin. 

"The Increase of the Food Supply of Mankind through the Cultiuaiion of Marine 
Animals : a Problem in Economic Zoology," by Ur. George W. Field. 

iciples of Action of Vnrious Types of Reftigeracing Machines." by Professor J. E. 

id 10 Hale," by Mr. Henry G. Kiilredge. 
1- At the beginning of Ihe year ilie Associate Membership was 339. Of this number one 
hu died, nine resigned! iweiity-five have, however, been elected, making the present 
■embeisbip 354. 

During the year the Society has suffered the loss of one of its oldest members, 
SMf. Thomas Galfield, who served on the Executive Committee from 1879 [o tSSj. Mr. 
! not couiined lo the welfare of the SociETlT OF Abts alone, but also 
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:1 by his gift of boohs, specimens of gl»u and minerals to lh9-^ 
R member' of \ 



No chinga has occurred in ihe management of the Techmouxiv Quaiitekly. Since 
the last Annual Report iwenly live artidei have been publi-'hed. Probably the miwi notable 
of these is une on ihe " Eclipse Expedition of the Massachuscli* Institule of Technology (o 
Washington, Georgia, under ihe direction of Professor Alfred E. Uurlon." Illustrating thii 
article is an excellent photogravure reproduciion of one of the beitt photographs of Ihe sun'a 
corona that haA ever been taken. This article has been folloired by one from the Kev. Pro- 
fessor William F. Rigge, S. J., who also observed Ihe eclipse it Washinglon, Georgia, being 
in charge of a party from Cre^hton University, Nebraska. In this paper Professor Rigge 
makes an inleresting comparison between hb restilts and those obtained by the party from 
Ihe Institute, all of which ledoiinds to the ciedit of both pames. Prafcssor W. O. Crosby 
has contributed two articles giving Ihe results of his explorations ot the sites of proposed 
water supplies for New Ynik and Brooklyn. A gratifying instance of the loyaltj of our 
alumni is furnisbed by the frequency of the contributions of iwo gtaduales of the Institute, 
Messrs. George C. Whipple and Daniel D. Jackson. They are actively engaged in investi- 
gatioii of problems counecled with the biology and physical characters of Ihe water supplied 
lo towns, and have contributed four articles on dlSerenl branches of this subject Amonf 
other articles from the Physical Department are a series of tests, made by Professor Norton, 
on Fire Retardcnt Materials, and a series on Diffusing Glass of various kinds used i» 
windows; and from Mr. William IJncoln Smith an extensive series uf tests of Certiio 
Shades and Globes for Electric Lights as used in Interior Illumination. From the Mechan- 
ical Engineering Department the usual annual contribution of Tests Made in ihe Engineer- 
ing Lalraratories was published in Ihe September issue. Piofessoc Fay and Mr, Uadlan 
contributed an important article on the " Effect of Annealing upon the Physical Propettiei 
and Ihe Micrustruclure of a Low Carbon Steel ; " and the " Review of American Chemical 
Research," contributed by a number uf members of the Chemical Department, has appeared 
regularly in each issue. Beginning with the current volume, .1 change has been made in the 
paper used in printing the Quarteki-v, and it is hoped that some saving of expense 
result. 

Respectfully submitted, 

(Signed] GiORGK W. Bi^DcrtT. 

Edmund II, Hewihs. 

Charles T. Main. 

James P. Munnoe. 

The Secretary read a eominunication from the Committee oo 
Nominations, in which the following gentlemen were named as candl 
dates for the Executive Committee for the year 1901-1902 : Georg 
W. Blodgutt, Desmond FltzGerald, Edmund H. Hewins, Charles T. 
Main, James P. Munroe. Mr. Blodgett announced that the Executive 
Committee had nominated George V. Wendell to be candidate for the 
office of Secretary. 

A ballot having been taken, the Chairman announced the electiaii 
of the above-named candidates, 

Mr. Henry G. Kittredge, Industrial Editor of the New York i 
mercial, was introduced and gave an illustrated lecture on "CottcMj 
from Seed to Bale." 
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"Thus far the Southern States of the United States have shown 
themselves to be the most extensive region and the best adapted for 
the growth of cotton of any in the world. No country has such an 
excellent river system and climate for the growth of this staple in its 
highest state of perfection. The cotton area of the Southern States 
is about 4oo,ocx> square miles, or about 250,000,000 acres, of which 
about 25,000,000 acres are now devoted to the cotton plant. This is 
at the rate of one acre in every ten. Rather than to increase this 
acreage, it would seemingly be better to intensify the culture of 
cotton by means of fertilizers for a larger yield. The meteorological 
conditions of the South must be taken as the standard for the world 
for the cultivation of cotton. The average temperature of the South- 
ern States during the cotton-growing season is about 75°, while the 
relative humidity during this period ranges from 65" to 80°, and 
the rainfall amounts to 48 to 50 inches in the course of the year, 
with the dryest period during tlic growth of the plant. In order to 
secure the best results for length of staple, fineness of fibre and yield, 
great care must be taken in the proper .selection of seed for planting 
and great care exercised in cultivation. More attention is given to 
the selection of seed in the planting of sea-island than in the upland 
varieties of cotton, though increased attention has been given to the 
latter in recent years. The system of cultivation varies in different 
parts of the South, depending upon the character of the soil and 
drainage. Among the diseases that affect the plant none has shown 
so much obstinacy as that known as the 'wilt.' This disease is not 
thoroughly understood, and no universal remedy is known for its com- 
plete eradication. It would seem to arise from the soil, where it 
lingers for a number of years. Hybridization is important in bring- 
ing cotton to a proper standard, which, after being attained, can be 
held only by careful selection of the seed for propagation." 

The thanks of the Society were most heartily given to Mr. Kitt- 
redge for his instructive address. 

George V. Wendell, Sicretary. 
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GEOLOGICAL HISTORY OF THE HEMATITE IRON ORES 
OF THE ANTWERP AND FOWLER BELT IN NEW 
YORK, 

By W.O. CROSBY. 

The occurrence in specimens of the massive red hematite from 
the old Sterling iron mine near Antwerp, in Jefferson County, New 
York, of more or less pyrite and possibly pyrrhotite, in addition to 
the well-known pockets lined with crystallized siderite, chalcodite, 
specular hematite, and quartz, and further adorned by the brilliant 
golden needles of millerite for which this mine is famous, long ago 
suggested to me, as, perhaps, to others, that the hematite has had its 
origin in the dififercntial oxidation of slightly nickeliferous iron sul- 
phides, the nickel having remained in combination with the sulphur 
and recrystallized as millerite. But when in the summer of 1895 
I visited the Sterling Mine, in company with Captain Hodge, an 
intelligent resident of Antwerp and for many years superintendent 
of the mine, and a party of students, I was surprised, not having 
previously read up on the geology of the mine, to find that the ore 
occurs in, and in intimate association with, a massive, soft, greenish- 
black, chloritic-looking rock, which is divided in all directions by 
slickensides and appears to be a highly altered (chloritized) trap. 
This rock was called serpentine by Ebenezer Emmons.^ In part 
it bears some resemblance to serpentine, but in general the aspect 
is chloritic rather than serpentinic. Being fresh from the study of 
the deposits of nickeliferous pyrrhotite and chalcopyrite in the dio- 
ritic rocks of the Sudbury district in Ontario, and of the Gap Mine 
in Lancaster County, Pennsylvania, which had been quite clearly 
shown by Kemp and others to be products of magmatic dififerentia- 
tion, I at once adopted this as a provisional explanation, or working 
hypothesis, for the deposits of the Sterling Mine, and probably of the 
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other mines of the Antwerp- Fowler belt, Captain Hodge having 
assured me that the geological conditions were similar throughout 
this linear series of deposits. 

At the time of my visit, all of these mines had been closed for 
some time, probably never to be reopened ; but my observations on 
the surface, including the dumps, supplemented by such information 
concerning the underground conditions as the superintendent could 
give me, led mc to the conclusion : that the ore-body of the Sterling 
Mine is in a dike, 50 feet or more in width, of some highly altered 
basic rock, possibly diabase ; that the ore was originally a magmatic 
segregation of this rock, chiefly in the form of sulphides, which have 
subsequently suffered more or less complete oxidation to a consider- 
able depth, the ore being now, virtually, a gossan ; and that this 
dike is, probably, continuous for the entire length of the belt of 
mines, although absolute continuity is by no means essential to the 
hypothesis. 

The trend of the ore-belt and the hypothetical dike is approxi- 
mately northeast from the vicinity of 'Antwerp, closely following the 
valley of a tributary of the Oswegatchie River. At the Sterling 
Mine, two and one-half miles from Antwerp, the southeast side of the 
valley is gneissoid granite, and the northwest side is Archaean lime- 
stone. The granite is of a distinctly acid type, of a light gray color 
and medium texture, rich in quartz and decidedly poor in ferro- 
magnesian minerals ^chiefly biotite ; but with slight pegmatitic 
developments of only moderate coarseness. The granite appears to 
form the southeast wall of the dike, and the limestone, in a general 
way, the northwest wall, except that in the immediate vicinity of the 
mine the dike is, superficially, bordered on Che northwest side by an 
outlier, probably of no great thickness, of the Potsdam sandstone. 
The descriptions of the mines by Putnam, in the Tenth Cettsiis Report 
(Vol. XV, pp. 141-144), indicate that the sandstone is a fairly con- 
stant feature of the deposits, occurring also at the Shtrtleff Mine in 
the town of Philadelphia, which is not in the trend of the Antwerp- 
Fowler belt, and probably represents a distinct dike or occurrence 
of the chloritic rock and its associated ore. In most cases, however, 
the sandstone, which is still approximately horizontal, is described as 
covering the chloritic rock and ore more or less completely, suggest- 
ing that this basic igneous rock may antedate the sandstone, which 
was spread by the Potsdam sea across its outcrop ; and certainly 
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the extreme alteration of the chloritic rock is indicative of a high 
antiquity. But, on the other hand, I have observed nothing in the 
composition of the sandstone as developed at the Sterling Mine 
confirmatory of the view that it was deposited over the ore-bearing 
formation. It is equally true, however, that it contains little or no 
identifiable detritus from the Archaean granite, for it is the clean, 
white, quartzose sandstone of fine and even fexture so characteristic 
of the base of the Potsdam ; and its composition harmonizes readily 
with the hypothesis that it is the newest rock in the section, as 
indicated by its horizontal attitude, if we accept the view developed 
in my study of the Archaean-Cambrian contact in Colorado,^ that the 
transgression of the Potsdam sea over this area was so slow and 
gradual that erosion had time to accomplish its perfect work, base- 
leveling the surface and reducing all detritus to the two final terms — 
fine quartz sand and clay. Under these conditions sediments will 
rarely reflect in any reliable manner the mineralogical character of 
formations which they cover unconformably. 

Unquestionably, the interest of the geology of the Antwerp-Fowler 
mines centres in the nature and origin of the chloritic rock and its 
true relations to the ores. On returning to Boston with my collec- 
tion, I found that in the previous year (1894) Professor C. H. Smyth ^ 
had expressed the opinion, based upon microscopic and chemical 
examinations, that the chloritic rock is a highly altered phase of 
the granite. The fact upon which he especially relies is the occur- 
rence in the chloritic rock of glassy grains and masses of quartz, 
which are regarded as residual. His analysis of a specimen free 
from visible quartz shows: Si02, 30 per cent. ; MgO, 11 per cent.; 
FeO, 2J per cent.; and HgO, 12 per cent.; the remaining 20 per 
cent, being, presumably, chiefly AI2O3. This is approximately the 
composition of prochlorite, and indicates an ultra-basic rock ; while 
the granite, as represented by my specimens, is rich in quartz and 
poor in ferro-magnesian constituents, and certainly contains as much 
as 70, if not 75, per cent, of silica. 

The general aspect of the rock is precisely that of many highly 
chloritized traps in the vicinity of Boston ; and this resemblance is 
heightened by the slickensides, by which it is minutely and almost 
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indefinitely subdivided {Figure i). These testify to differential move- 
ment throughout the mass, and can have, apparently, but one explana- 
tion — expansion due lo chloritization and hydration. It is manifestly 
impossible to find in this light-colored, acid granite more than a small 
fraction of the magnesia and ferrous oxide shown by Professor Smyth's 
analysis of the chloritic rock. They are clearly not chiefly residual 
, constituents of the granite; and if his hypothesis stands, the main 
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part of each must be imported. The only alternative is to suppose 
that the silica and alumina have suffered a highly improbable diminu- 
tion, in which case the expansion of the rock essential to the expla- 
nation of the slickensides would be unexplained. Hut where can we 
find an adequate external source of the MgO and FeO.' Professor 
Smyth suggests the Archaean limestone and the action upon It of 
solutions derived from the oxidation of some near-by deposit of pyrite, 
But no sulphides are known in the vicinity, except those intimately 
associated with the hematite in the chloritic rock ; and it is not 
apparent by what reactions the magnesia of the limestone, existing, 
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probably, largely in the form ef insoluble silicates, is to replace the 
acid aluminous silicates of the granite, reducing the silica by fully 
40 per cent. Professor Smyth seems, further, to regard the ore as 
a replacement of limestone, although so intimately associated with 
and enclosed in the massive chloritic rock, which is interpreted as 
an altered phase of the granite. The masses of crystalline calcite in 




Fig. 2. — A fragment of the chloritic rock showing, diagrammatically, stretched and dis- 
located veinlets of quartz. One-third natural size. 

the ore are certainly suggestive of inclusions of limestone ; but it 
is important to remember that calcite is an exceedingly common 
secondary mineral of the basic eruptives, as witness the crystalline 
calcites of the cupriferous melaphyrs of Keweenaw Point. 

Apparently, the chemical difficulties of Professor Smyth's thesis 
are insuperable ; but we turn now to the consideration of his main 

argument — the disseminated 
grains of quartz in the chloritic 
rock. To begin with, the free 
silica or quartz appears to be 
wholly or almost wholly want- 
ing in a considerable portion 
of the chloritic rock ; and it 
is probably this material that 
is represented by Professor 
Smyth's analysis. A consider- 

FiG. 3.-Another fragment of the chloride ^^^^ ^^^ ^^^ ^^^ quartz, also, 
rock showing.diagrammatically, angular inclusions 

of quartz, the most of which, at least, are proba- OCCUrs, of has OCCUrred, m the 

bly due to the comminution of quartz veinlets. form of veinlets, varying from 

One-half natural size. ^ y^^^ ^^ possibly an inch or 

SO in width. Although undoubtedly secondary features of the 
rock, the veinlets clearly antedate the final or complete alteration ; 
and especially do they antedate a large part of the hydration, expan- 
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sion, and consequent slickensiding of the mass, for they have been 
very extensively broken, dJsiocated, and even granulatei^ by this 
differential movement. The chlorilization or greenstone alteration of 
a trap, it is well known, involves the liberation of a large amount 
of silica, which commonly takes the form of veinlcts in the rock, and 
then during the later stages of the alteration the veinlets may be 
broken and disarranged. How complete the destruction may be is 
well shown by Figures 2 and 3, drawn from specimens collected on 
the dump of the Sterling Mine. The included areas are wholly glassy 
quartz; but a part of that shown in Figure 3 may not be vein quartz, 
although the main part of it certainly is, as indicated by the large size 
and distinctly fragmental forms of the masses. In no instance docs 
the chloritic rock itself, apart from the included quartz, appear to have 
been crushed or brecciated ; but the slickensides suggest, rather, a 
differential flowing which has brecciated the unyielding quartz vein- 
lets. It is easy to see, in the light of these examples, that wilii 
slender veinlets, at least, a complete and seemingly original granu- 
lation of the quartz might result. Again, the secondary silica in 
a case of this kind does not necessarily assume wholly the form of 
veinlets, but it may have been developed in part as amygdules 
or pseud o-amygdules, or as irregular segregations and replacements. 
Certain it is that a trap rock is, during the process of chloritiza- 
tion, a prolific source of free silica, which is unlikely in the case 
of a large dike to escape wholly, even into cracks in the rock itself, 
crystallizing in part in interstitial or disseminated forms. 

1 have not observed the masses described by Professor Smyth as 
showing gradation from the granite into the chloritic rock or green- 
stone ; but not having read his paper before visiting the locality, I may 
have overlooked them. I venture tlie suggestion, however, that they 
may be inclusions of the granite in tlie basic dike, which have natu- 
rally shared the alteration of the latter and are by simple contact 
more or less stained or impregnated by the chloritic material. Of 
course, this might happen to the unbroken granite wall of the dike 
;is well as to inclusions. As showing that granitic inclusions are not 
wholly wanting, 1 may add that my collection from the Sterling Mine 
contains a mass of a distinctly pegmatitic character, in which coarsely 
crystalline mica is a prominent feature, which I broke out of the soft, 
dark-green, chloritic rock. It does not, however, show any important 
alteration, even the mica being still essentially intact. The sandstone 
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on the opposite side of the dike, although of a distinctly permeable 
character, does not, so far as I have observed, show any appreciable 
chloritic impregnation, notwithstanding the fact that it is at some: 
points very deeply stained or impregnated, but not replaced, by the, 
hematite. 

As additional evidence that the quartz in the greenstone may be 
secondary rather than residuary may be mentioned the crystalline 
quartz occurring with Ihi- ';i:l(Tiic. chalcodite, millerite, etc., in the- 
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pockets of the hematite ; and the fact, well attested by specimens in 
my collection, that the greenstone has been metasomatically replaced 
by quartz on a considerable scale. One specimen shows the complete 
replacement of an angular joint-block of the greenstone nearly a foot 
long and half as thick, forming a sharply angular quartz geode 
these dimensions (Figure 4), Even granting that the granular quarts: 
is partly or wholly residuary does not prove the derivation of this' 
ultra-basic rt.x:k from the granite, for the original basic rock o£' 
this dike may very well have been quartziferous, a quartz-diorite, or 
possibly a quartz-gabbro. The original rock, while, quite certainly 
not so acid as the granite, was not necessarily highly basic ; and the' 
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magmalic segregation of sulphides is by no means confined to rocks 
exceptionally low in silica ; but it is fairly common in rocks of 
neutral or sub-acid character, and even, as in the case of some of the 
ore-bearing dioritic rocks of the Sudbury district, in those containing 
free quartz. 

In view of all these considerations, it appears to me most probable 
that the chloritic rock or greenstone is a highly altered, basic erup-' 
tive ; although I recognize that some facts point to its derivation 
from the granite, and especially that the disseminated granular quartz 
would find thus its readiest explanation.- Again, a basic dike six 
miles or more in length appears far more probable than a sharply 
defined and apparently persistent zone of granite showing such a 
radical and unusual transformation as the alternative hypothesis calls 
for, especially as such a zone of alteration, while unique, and on 
chemical lines, at least, highly improbable for the granite, is entirely 
normal for the dike. In other words, if the basic dike be granted, 
Lthe development of the sulphides in it by magmatic Segregation, the 
rchloritization of the silicates while still at a great depth, and the sub- 
Itcquent development of the iron ore by the differential oxidation of 
die sulphides, appear as entirely normal incidents of its history. 
I may add to this that some of my specimens from the Sterling 
"Mine show sulphides, still unoxidized, disseminated in the slickensided 
chloritic rock precisely as in the diorite of the Sudbury mines and of 
the Gap Mine ; and in this connection it is interesting to note further, 
I that, according to Brooks ' and several of the sections given by Kmmons, 
the normal position of the iron ore is. more or less distinctly, periph- 
eral with reference to the chloritic rock, thus paralleling another 
important feature of the deposits having iheir origin in magmatic 
segregation. 

Since writing this paper. I have had an opportunity to study some 
of the auriferous veins of the new Michipicoten District of Ontario ; 
and I was specially interested in an occurrence on the southeast side 
of Lake Wawa, where, during the alteration of a basic dike, the 
resulting chloritic matter has impregnated and saturated the border- 
ing acid granite to such a degree that the latter rock is completely 
disguised, the granite falling under the hammer into thin, angular 
fragments, which are completely coated with the shining, black, 
chloritic glaze, and being easily mistaken for a chloritized trap. 
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Closer examination shows, however, that the original minerals of 
the granite are but little altered ; and that it is essentially a case 
of the saturation of a rock along joints and rifts by the secondary 
mineral of a neighboring rock. This appears to throw some light 
upon the problem of the quartzose chloritic rock of the Antwerp- 
Fowler iron mines, and at least suggests the possibility that the 
quartzose portions of this matrix of the iron ore may be, after all, 
a phase of the granite. But the basic dike is still required as a 
source, alike of the impregnating chloritic matter and of the metallic 
contents of the formation. 
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0\E nf the most interesting streams of Massachusetts is the 
Charles River, the basin of which occupies a large part of Suffolk 
County, the western and northwestern portions of Norfolk, a small 
portion of Worcester, and a strip along the southeastern part of 
Middlesex County, and includes the whole or considerable portions of 
lwenty-t:ight cities and towns. 

This river is of the utmost importance to the inhabitants of east- 
em Massachusetts. From its source, in the town of Hopkinton, to 
its mouth, in Boston Bay, it has a total length, following the meander- 
ings, of si.xty-nine miles, and its drainage area is about 290 square 
miles. Distributed along the river are twenly-six artificial dams, 
aggregating in height 202 feet, which serve as water power for 
numerous factories and mills ; and one of the dams, in Hopkinton, 
retains the water supply of the town of Milford. Five other towns — 
Newton. Brookline, Waltham, Wellesley, and Watertown — obtain 
their water supply in whole or in part from filter galleries in connec- 
' tion with thu river. The tidal portion of the stream is navigable for 
several miles above its mouth, enabling easy communication with sev- 
eral important manufacturing and other establishments. Picturesque 
portions, such as Hemlock Gorge, and also stretches lower down on 
the river, arc held by the Commonwealth as public parks. And it is 
proposed by the Metropolitan Park Commission to improve long 
stretches of the banks between Dedham and Boston for the public 
benefit. The tidal portion of the river, between Boston and Water- 
town, furnishes an exceptional opportunity, by constructing a dam 
at the proper place, for forming a water park which would be a very 
valuable addition to Boston's park system. I feel that the present 




1/2 Frederick G. Clapp. 

discussion of the history of the river is especially timely on account 
of the recent agitation to secure legislation for such a park. 

It is impossible to look at the Charles River as represented on 
the map (Plate i) without noticing its extremely circuitous course. 
Rising in the town of Hopkinton, it flows for the first few miles 
almost directly south. But at Bellingham it bends abruptly to the 
east, and then to the north, taking a retrograde course as far as West 
Medway. From this point it runs east as far as Rockville, north and 
then northeast to Sherborn. Takin*^ a northerly course to South 
Natick, it there turns to the east, as if to make a short cut to the 
sea ; but at Dedham it bends sharply backward, and flows directly 
away from the sea as far as Newton Lower Falls, from which point 
it runs north to Waltham, and then east to its mouth in Boston Bay. 
Instead of having a length of twenty-five miles, as it would if it ran 
northeast from its source straight to Boston Bay, the river flows 
nearly three times that distance. Its transverse meanderings cover 
a northwest-southeast distance of eleven miles. 

In conducting the studies represented in this discussion, the prin- 
cipal purposes kept in mind have been the following : 

First. — To give as complete a history of the life of the river as 
possible. 

Second. — To explain why the river follows its present devious 
course rather than a more direct one. For instance, why does it 
bend north at Bellingham, instead of continuing southward to Narra- 
gansett Bay, the shortest course to the sea } Why, when it has fol- 
lowed a northeasterly course for a dozen miles, does it bend suddenly 
to the northwest, instead of continuing across Medfield to Boston 
Bay } Why does it not follow a direct course across Wellesley to 
Riverside, a distance of three and a half miles, rather than the actual 
course of seventeen miles by way of Dedham } Again, upon reaching 
Dedham, why does it not flow straight to Boston Bay, instead of bend- 
ing back towards Newton } 

Third. — To trace the past courses of the river and the causes of 
the various stages in its development. 

Fourth. — To explain the relations of the river and its system to 
the geological structure of the region, and to determine the causes 
for such relations. 

Fifth. — To determine to which of the recognized classes of rivers 
the Charles belongs. 




and 
tave 

iles, 
oant 
■ for 
i oC 

tted 



1 be 



tern 
idge 



ped, 
■feet 



but 
Bell- 



.^- , 



1/2 

disc 
of t 

the 
Ris 
aim 
cast 

thei 

Nat 

sea 

awa 

it r 

Ins 

nor 

nea 

a r 

cip: 

pos 

cou 

ber 

gar 

low 

to 

Bai 

Rii 

cou 

De 

ing 

the 

the 
for 



th€ 



I 



Geological History of the Charles River. \yi 

The work undertaken in following out these designs has been 
mostly done on foot in the field ; but besides, I have endeavored to- 
gain access to all recorded information' bearing on the subject, and 
I take pleasure in acknowledging my indebtedness to those who have 
been of assistance to me in obtaining it : to Professor W. H. Niles. 
for advice in various ways; to Professor G. H. Barton, for the loan 
of maps ; and to Professor W. O. Crosby, for the use of maps and for 
much valuable information. For records of bench marks, depths of 
bed-rock and elevations, I am indebted to the gentlemen connected 
with the various state and town boards, the Metropolitan Park Com- 
mission, the Harbor and Land Commission, the water boards of 
Boston, Walthani, Newton, Wellesley, and Brookline, and the engi- 
neering department of the New York, New Haven & Hartford Rail- 
road. Messrs. B. F. Smith & Brother, Morton & VVaugh, and E. A. 
Clarke have furnished valuable information concerning artesian wells 
in Boston and vicinity. A list of the various works consulted will be 
given in the appended Bibliography. 

General Descrfptiov' of the Region. 

The government topographical map shows that along the western 
margin of the river basin south of Ashland there extends a high ridge 
of land having an elevation of from 300 to 6cK) feet, and forming a 
natural boundary to the basin. A second, less marked ridge, runs from 
north to south between Medway and Miiford, descending towards the 
south to the level of the river. With these two exceptions, the high- 
est hills in the Charies River basin rise to elevations of between 300 
and 460 feet. As Professor Crosby has shown, the few rock hills of 
these heights in Eistern Massachusetts are remnants of the Creta- 
ceous peneplain. Between them the Tertiary peneplain is developed, 
having an elevation of from lOO to 200 feet ; and in this less perfect 
plain the valleys of the Charles and its tributaries have been carved. 

The source of the brook which is considered the head of the river 
is at an elevation of about 500 feet. As is shown by the profile on 
Plate 2, the descent in the upper part of the stream is very rapid. 
It crosses the 400-foot contour but one mile, and the 300-foot but 
two miles, from its source. The 200-foot contour is crossed at Bell- 
inghara, twelve miles from the source, and the 100-foot below Natick, 
about midway in the length of the river. Looking at the profile more 
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in detail, several points are noticed where the fall is concentrated. 
At Medway there is a descent of 27 feet in a distance of half a 
mile. The descent at Newton Upper Falls is 25 feet in a quartei 
of a mile, and at Newton Lower Falls 22 feet in about the same 
distance. Between these points of rapid fall there are long stretches 
where it is very slight indeed. Two of these stretches, one between 
Rockville and Natick, and the other between Charles River Village 
and Newton Upper Falls, are especially noticeable. 

A great difference exists in the size of the river valley in its 
different portions. In general, the depression forming the main valley 
is very broad, but it will be noticed that at several points, as at Med- 
way and at Sherborn, the highlands follow both sides of the river 
closely for some distance. Especially important are several prominent 
gaps in the watershed between the Charles and adjacent basins ; for 
example, at Bellingham, Walpole, and Cochituate. 

The geological structure of the region is shown in Plate i. It 
will be seen that the river basin is located in the vicinity of three 
areas of sedimentary rocks, those of the Boston, Norfolk, and Narra- 
gansett basins. These basins are occupied mostly by Carboniferous 
strata — slates, sandstones, conglomerates, and lavas — which are much 
softer than the older crystalline formations, the granites, diorites, and 
felsites, which occupy most of the remainder of the region. For this 
reason the Carboniferous areas have been worn down, in general, to 
much lower levels than the harder, crystalline areas (see topographical 
map). 

OUTLINK OF THK GEOLOCiV OF THE REGION. 

The following discussion will be simplified by giving first a brief 
outline of the geological history of the whole region since Mesozoic 
time. During the Cretaceous period the land stood at a level several 
hundred feet lower than at present, and by long-continued action the 
.sea cut gradually backward, forming the Cretaceous peneplain.^ As 
the encroachment continued, sediments formed by marine erosion 
were spread over the entire submarine surface of the region. 

At the close of the Cretaceous period an elevation of the land took 
place, raising the peneplain with its burden of Cretaceous sediments 

' \V. O. Crosby: Geological History of tlie Nashua Valley During the Tertiary and 
Quaternary Periods, Technology Quarterly, Vol. XII, No. 4, p. 289; Geology of the 
Boston Basin, Pt. 3, p. 538, Occasional Papers^ Boston Soc. Nat. Hist. 
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out of the water. From the new land surface thus formed, the 
streams must have run off, taking the shortest courses to the sea, 
and utterly regardless of the structure of the underlying harder rocks. 
At first they flowed upon the unconsolidated Cretaceous sediments; 
bui after these were completely removed by erosion, the solid rocks 
btneath were attacked, and thf formation of a second, the Tertiary 
peneplain,' commenced. 

The streams at the time of the Cretaceous elevation were original 

and consequent upon the slope of the land. As by continued erosion 

'he Cretaceous sediments were entirely removed, the streams became 

superimposed upon the underlying hard and soft formations. The 

basin rocks, being least resistant, were removed more rapidly than 

the outlying crystallines, and the streams gradually shifted their 

I courses on to the softer rocks. Thus they became adjusted, during 

I 'he Tertiary period, to run in the basins as much as possible. The 

f Streams ri.iirig on the crystalline areas must have been so adjusted as 

' take the most direct courses to the basins. 

Near the close of the Tertiary period a great elevation of the 

?1<J occurred, probably amounting to several thousand feet. This 

leased the energy of the rivers, so that in the bottoms of their 

they cut deep gorges, extending many miles above their 

s. The gorge at the mouth of the Charles is from loo to 200 

^ deep — below the present sea level. While the land stood at this 

J*lcvation, the Glacial epoch came on, during which time the whole 

fgion was buried beneath the ice sheet, and was covered with a 

Sating of bowlder clay which filled up the Pleistocene gorges and 

me of the Tertiary valleys. During the recession of the ice to the 

^orth, at the close of the Glacial epoch, many of the valleys were 

Uocked by ice or drift, forming large glacial lakes, in which were 

fcposited great quantities of sand and gravel. These overlaid the till 

■ lowlands and completely changed the character of the lopog- 

. Thus when new streams were formed they rarely took their 

mer courses, but instead found new channels across the drift- 

Wered surface in entire indifference to the preglacial conditions, 

PREGLACIAL DRAINAGE OF THE ReGION. 

a order to decipher the courses of the preglacial streams, I will 
3r, first, to show what portions of the* present river valley are 
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so youthful in their characteristics as to lead to the belief that they 
have been formed since the Glacial epoch, and then to determine 
the preglacial courses for these portions. From the fragmentary 
streams thus discovered, the entire preglacial system of drainage can 
be constructed with a considerable degree of certainty. 

In order to facilitate discussion, it will be convenient to divide 
the main valley of the Charles into four parts, which can be done 
very readily on account of the topography. That portion of the river 
and its valley above Mcdway I will call the Upper Charles ; that 
between Medway and Sherborn, the Middle Charles; and that below 
Sherbom, the Lower 
Charles. The fourth sub- 
division is the tide-water 
portion of the river. The 
.sequel will show why 
these distinctions are 
made. 

Tlu Upper Charles. — 
Rising in the village of 
Hayden Row, Hopkinton, 
the river flows for the first 
ten miles almost directly 
southward. The valley 
south of Milford is broad 
and evidently old. . South 
of Factory Pond it is 
occupied by an extensive 
sand-plain. But a mile south of Factory Pond a sudden bend occurs, 
and the river flows for two miles in an easterly direction. In this 
stretch the character of the topography is strikingly different from 
that in the north-south course. Between Milford and Bellingham 
Junction, with one or two possible exceptions, outcrops of rock nowhere 
occur within 500 feet of the stream ; but below the bend the rock valley 
gradually narrows down, until, a mile below the Junction, rock ap- 
proaches close to the river on both banks. The till slopes here come 
to within a quarter of a mile of the river. The locations of out- 
crops near the river are shown iu Figure 1. On this and subsequent 
maps I have not attempted to represent all the outcrops, but simply 
those which concern the present discussion. 
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By studying Piatt; 2 it will be seen that while the amount of fall 
in the four miles above this section is 35 feet, here it is ig feet in a 
ilistance of seven-eighths of a mile. This rate of fall continued for 
four miles would give 92 feet, showing a much more rapid descent 
here than directly above. These facts naturally lead to ihe suggestion 
that the river is here out of its preglacial course. 

Emerging, northeast of Bellingham, from its narrow valley, the 




L river turns sharply to the north, and flows as far as West Medway 
^through a broad valley, occupied above North Bellingham by meadows 
SOO to 2,000 feet broad, and having all the characteristics of being 
very old. Towards the north, however, it narrows, and at West Med- 
way takes a more easterly course. 

By referring to the topographical map it will be seen that a broad 
ridge of high !and, overlaid by till, extends south from Holliston to 
beyond Kelly Street, Medway, within half a mile of the Charles, 
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Suutii of the river the ridge rises rapidly to a maximum Iicigbj 
330 feet, and extends southward beyond the limits of this 
Between these two portions of the ridge lies the Medway sand-p 
North of the village, on account of the great thickness of \ 
plain, not a single outcrop is exposed, To the south, howej 
the river has cut a deep ravine down to the underlying rock^ 
which it has continued the work of erosion (Figures 2 and 3). 
a distance of half a mile three dams necar. 
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The slopes of the Medway sand-plain lirst approaih the 
cast of Shepard's Brook. Near this point, in order to pass the r 
of till and its underlying rock, the stream turns to the norths 
Half a mile above Sanford Street ideal erosion slopes rise aorti 
the river to a height of from 60 to 80 feet. All evidences shovir| 
at the close of the Glacial epoch the recently formed san d- plain d 
pletely filled the half mile gap in the highlands, and in order 1 
an outlet to the east the stream has had to cut a new valley thrc 
the plain. It is here, as at Bellingham, out of its preglacial i 
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In searching for the former channel we have two alternatives : 
First — the river may have passed the ledges at Medway through a 
valley either to the north or south, which is now buried by drift. If 
to the south, it must have continued eastward from Shepard's Brook 
to Populatic Pond. The high ridge of till here, however, and the fact 
that ledges occur all along its northern end, and farther south are 
exposed on its summit, make it extremely improbable that any buried 
valley exists here. But if the preglacial valley was north of the 
present valley, it is occupied now only by modified drift. This course 
would be possible, but other conditions render it unlikely. It would 
be extremely improbable, if the Upper Charles flowed east across 
Medway in preglacial time, that its valley would now be obstructed 
by such a prominent and uninterrupted north-south ridge as actually 
exists here. These considerations lead to the natural inference that 
the underlying rock is continuous from JioHiston to Franklia at such 
an elevation as to bar the way to any preglacial river. 

If such is the case, the second alternative must be accepted — 
that above Medway the direction of the river has been reversed, 
and that previous to the Glacial -epoch, it Sowed south instead of 
north ; in which case there must be somewhere in the watershed 
of the Upper Charles a buried valley, the former outlet for the stream. 
Searching for such a valley, I found its most probable location to be 
the pass east of Bellingham, where the Charles approaches within a 
mile of the source of Peters' River, a tributary of the Blackstone. 
The broad pass at this point is occupied by a sand-plain, and is 
wholly destitute of outcrops for half a mile cast and west (Figure I). 
West of Bellingham, at the point where the Charles bends toward the 
east, there probably exists another buried valley, which in preglacial 
lime furnished an outlet to Mill River. At this point the streams are 
less than a mile apart, and the watershed between them, in which no 
outcrops have been found, rises less than 40 feet above the Charles. 
Careful search has shown this to be the only likely preglacial outlet 
for the valley northwest of Bellingham. The probable ancient courses 
arc indicated by dotted lines in Plate 3, To summarize, the reasons 
for believing that the Upper Charles was tributary to Narragansett 
Bay, as shown in the plate, are : — 




The valleys both east and west uf Bellingham point towards 
the watershed on the south. 
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2. The east-west valley at Bellingham possesses distinctly post- 
glacial characteristics. 

3. The valley from North Bellingham through the gap in the 
watershed to South Bellingham offers a nearly straight course. 

4. The valley south of Caryville is much broader than to the north, 
and the width increases towards Bellingham. Between Bellingham 
and Caryville it is too large to belong to a small stream flowing north 
from Bellingham, but it may easily have been formed by Chicken, 
Shepard's, Hopping, and Mine brooks combined. 

5. The southward course is the shortest route to the sea, being 
only twenty miles from Bellingham to Narragansett Bay, while to 
Boston Bay it is twenty-seven miles. 

6. The topography and geology in the vicinity of Medway render 
it improbable that any preglacial outlet existed in that direction. 
Thus the Bellingham outlet is left as the only alternative. 

7. This course would follow the area of metamorphic rocks 
extending south from Medway. The present course, on the contrary, 
is from the metamorphic to the harder, igneous rocks. 

« 

The Middle Charles, — By referring to the topographical map of 
the United States Geological Survey, it will be seen that a marked 
ridge of high land crosses the Charles River basin from the watershed 
of the Neponset at Cedar Hill to the Charles near South Sherborn, 
and on the western side of the river crosses to the Sudbury watershed 
at Paul's Hill in Sherborn. Both north and south of Dover the basin 
of the Charles varies in width from thirteen to sixteen miles, but this 
line of highlands narrows it to about six miles (Plate 3). From this 
well-defined east-west ridge the streams flow off in either direction, 
giving it the character of a watershed, which, if the river did not run 
across it, would be a true divide,. separating two distinct river basins. 

On the eastern side of the river the area of high land is continuous, 
at elevations varying between 200 and 400 feet above sea level, from 
Cedar Hill to within a quarter of a mile of the Charles. East of 
South Sherborn outcrops occur, even down to the level of the river 
itself. At this point the stream is bounded on the west by a bold 
granite hill over 260 feet in height, which, just north of the railroad 
bridge, descends precipitously to the water. The line of steep cliffs 
extends round the eastern face of the hill for nearly a mile, to the 
point where the rock on the eastern bank comes close to the river. 
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At this place the flood plain is some 400 feet wide, and is divided in 
the centre by a ledge, say 200 feet across, which rises over 20 feet 
above the marsh. On the east of this ledge the river flows -with a 
rapid current through a narrow, rocky gorge not over 40 feet wide 
{Figure 4). The nearly vertical walls of rock rising directly from the 
water indicate that this was not the preglacial course. Between the 
above-mentioned ledge on the east and the high hill on the west lies 




;cupied by the flood plain 



another, wider but similar, gorge, which ■ 
of the river. 

On the western side of the valley a rock and till ridge runs from 
the northern end of Pine Hill, west of Farm Pond, southward to 
Baggistere Brook in Millis. Between this ridge and the granite hill 
south of South Sherborn station is a gap of half a mile, which might 
well have been occupied by a preglacial river, except for several indi- 
cations to the contrary. In the very centre of the gap two prominent 
ledges of slate occur. Although their presence makes a preglacial 
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gorge here improbable, it does not make it impossible ; so for absolute 
proof it was necessary to look elsewhere. 

For three miles north of the narrow gorge east of the hill the 
valley is one of varying character, in which numerous ledges occur, 
sometimes close to the river. A mile northeast of Farm Pond, near 
Clark Rock, conglomerate ledges descend on both banks into the 
water. West of Pegan Hill felsite rises abruptly both on the east 
and west, forming a narrow U-shaped gorge. East of the bend at 
this point the line of high land is^ 
continuous. To the west, ledges o(. 
felsite extend almost continuously 
across South Street to Long Pond, 
and from there northward to within 
400 feet of Eliol Street (Figure s)-, 
Nowhere do they offer a gap wide 
enough for a prcglacial river valley,; 
The only break which could be seri- 
■Hisly considered is 600 feet wide, lying 
between the most northern felsite outv 
cropand the melaphyre, which outcrops: 
200 feet north of Eliot Street. About 
midway between these ledges, however, 
is a well, said to be about 20 feet deepj 
and to rest on solid rock. Between 
here and Niilick ledges are almost 
continuous. Considering these proofs,,' 
and also that in preglacial time the betf" 
of the river must have been over a 
hundred feet below its present level, 
have conclusive evidence that between Dover and Natick 
gap of sufficient size to connect the Middle with the 
This evidence is strengthened by the presence of 
in the vicinity of South Natick. 
the broad expanses of valley in the basin of th* 
that the region must necessarily have beeB' 
As the outlets of these 
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nt streams cannot have been to the north, they must be searched 
for in some other direction. To find them, an analysis must be made 
of the valley of the Middle Charles. '_ 
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Flowing out of the narrow Medway gorge, the contrast is very 
great, as the river emerges into a broad, open valley, entirely devoid 
of outcrops, and with every characteristic of being very old. It flows 
in this valley for a mile and a half, as far as Green Street. Here, 
however, the characteristics suddenly change, and the direction be- 
comes northeasterly for four miles, throughout which distance out- 
crops are occasional (Figure 6) and the topography rather character- 
istic of a distinctly postglacial stream. North of Forest Street an 
old valley is again encountered. In it the river turns eastward, as if 
to round the north side of Noon Hill ; but instead, at the mouth of 
Stop River it turns towards the northwest. Stop River is a large 
tributary entering the Charles from the east, and at its mouth appears 
almost equal in size to the main stream. Its valley is certainly much 
broader, as shown by the contours. Between the 120-foot contours 
it is occupied by extensive meadows. Below its mouth, the valley of 
Stop River is continued with a width of from half a mile to a mile as 
far as Canal Street in Medfield, but interrupted near the Woonsocket 
Division of the New York, New Haven & Hartford Railroad by a 
series of outcrops (Figure 6). West of the railroad the broad valley 
is especially marked, as shown in Figure 7. 

The topography shows that in the basin of the Middle Charles two 
portions are so broad and low that they must have been occupied by 
preglacial streams of considerable size. The first of these, lying 
between Medway and Rockville, I will call the Populatic River, from 
Populatic Pond. The other river, between Medfield and Millis, I will 
call the Baggistere, as it had its source in Baggistere Brook. The 
next problem is to determine the outlets of these preglacial streams 
from the basin. 

By referring to Plate i it will be seen that the most prominent 
geological feature in this region is the band of Carboniferous sedi- 
mentary rocks forming the Norfolk County Basin, and stretching with 
a variable width of from one to three miles from the Narragansett 
Basin, at the northeast corner of Rhode Island, to the Boston Basin, 
north of the Blue Hills. This band of sedimentary rocks coincides to 
a considerable degree with a belt of lowlands, occupied on the north- 
east by the Neponset River and on the southwest by Abbots's Run. 

At the beginning of the Glacial epoch sufficient time had elapsed 
since the origin of the streams of the region to enable them to become 
adjusted to the geological structure. Thus the streams originating 
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rvpon the crystalline areas to the northwest and southeast of the 
fl^orfolk Basin had come to take the most direct courses to the softer, 
' sedimentary rocks. Of these streams the Populatic and the Baggi- 
\ stere were the most important. 

The source of the Populatic River was in the western part of the 
I town of Sherborn, at one of the sources of Baggistere Brook, with 
L which it coincided as far as Orchard Street. It followed the broad, 
Iswampy valley south nf Orchard Sttirt ,is f;ir ns tlu' prtsL-nl Charles. 




,. N. H. & H. R. R. 
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Farther south its course is marked by Populatic and Kingsbury ponds 
md Mill Brook, which it followed to the Norfolk Basin. Throughout 
ilmost the entire distance the bed-rock outcrops frequently along the 
Western border of the valley, but it is exposed in the valley itself only 
near City Mills. Nowhere does it forbid regarding this as a pregjacia] 
course. Upon reaching the basin rocks the Populatic must have taken 
one of two courses. It may have turned northward to join the 
Neponset, or southward towards Abbots' Run. The latter course is 
the more probable. Nowhere between Marsh Pond and Walpole can 
evidences of a buried valley be found. But a southward sloping valley 
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between Whiting Pond and the gap west of Bald Hill in Wrentham 
would follow the narrow band of sedimentary rocks connecting the 
Norfolk and Narragansett basins. In the absence of any other plau- 
sible outlet for the Populatic River, we must accept this as its most 
probable location. 

The Baggistere River was probably formed by the union of several 
brooks in the broad valley northwest of the Woonsocket Division, near 
the mouth of the present Baggistere Brook. The exact point of junc- 
tion of the brooks must have been near the railroad in the vicinity of 
Island Street. Continuing the direction of the resultant of their 
courses towards the southeast, a broad, drift filled valley is reached, 
extending to the marshy area south of Dwight Street. Near Cause- 
way Street the river was joined by the brook flowing south from 
Castle Hill. East of here its most probable route is across the low 
watershed into the valley of Mine Brook, and thence to the Norfolk 
Basin. The probability of this is indicated by the broad, low valley of 
Mine Brook along the railroad between Medfield and Walpole. At 
first the great amount of rock east of Mt. Nebo seemed an obstacle 
to any preglacial course here. More careful examination, however, 
shows that most, if not all, of the rock between the railroad and 
Mt. Nebo is moraine material, and that the north-south ridge north 
of the railroad is a moraine separating the two valleys. An alterna- 
tive course for the ancient river east of Causeway Street is through 
the valley of Stop River east of Noon Hill. This valley is less direct, 
however. Whichever course the river took, it joined the Neponset 
in the vicinity of Walpole, and was tributary to Boston Bay. 

To summarize briefly, the basin of the Middle Charles was, in pre- 
glacial time, drained by two main streams, the Populatic and the 
Baggistere, both rising in Sherborn and flowing very directly to 
the Norfolk Basin. The Populatic reached the basin rocks north of 
Wrentham, then found an outlet to the Narragansett Basin, and thence 
to the sea through Miller's River and the Blackstone. Baggistere 
River, on the other hand, entered the Neponset Valley, ^yhich it fol- 
lowed to the sea through the Norfolk and Boston basins. 

The Loiver Charles. — We have seen that at the beginning of the 
Glacial epoch no part of the drainage south of Dover and Sherborn 
was tributary to the region on the north. Still, the broad valleys at 
several points below South Natick indicate that they must have been 
occupied by streams of considerable size. 



■ Geological History of tin- Charles River. 1 87 

I South of the village of South Natick many prominent outcrops 
\ border the river and many occur even in its bed. Most of the higher 
I lands both west and south of South Natick consist of solid rock. 
I And this notwitlistatiding the fact that a long arm of the sedimentary 
I and volcanic rocks of the Boston Basin extends as far west as Farm 
I Pond (Plate i and Figure 5). At South Natick the outcrops extend 
I across nearly the entire breadth of this belt, indicating that in pre- 
[ glacial time there was no large stream flowing into the Boston Basin 
[ through this area. 

I Below South Natick, following the river, we pass from a regioji of 
I frequent outcrops to one where they are very scattering, and ©nee 
I more reach a portion of the valley which is undoubtedly very old. 
I Between the ledge of melaphyre just below the dam at South Natick 
I. and the ledges near the corner of Dover and Grove streets, Wellesley, 
I no outcrops occur, with the possible exception of a conglomerate 
r exposure, perhaps a bowlder, on the Hunnewell estate. The out- 
crops in Wellesley and Needham are shown in Figure 8. The broad 
valley east of South Natick expands in two directions, extending far 
up the valley of Trout Brook, and also across Lake Waban and 
Morse's Pond, towards Cochituate. It probably also extends north- 
ward beneath the drift deposits of Wellesley and Needham. The 
sand-plains of this region rise to an extreme elevation of about 160 
feet, in places rising steeply from the river in postglacial erosion 
slopes. Usually, however, the slopes are gradual, due to construction, 
and having been little eroded by the river. Near the mouth of Trout 
Brook the valley is very broad, but narrows down towards Charles 
River Village. Between Central Avenue and South Street outcrops 
are thick all along the river. The tortuous course between the ledges 
shows it at once to be of postglacial origin. 

At South Street is a dam 8 feet in height, and below this outcrops 
occur on both banks, as shown in Figure 8. Just west of Chestnut 
Street ledges approach very near the river on both north and south, 
showing a strong probability that this was not a preglacial course. 
This is conclusively proved east of Chestnut Street, where a line of 
ledges crossing the river extends, both on the north and south, far 
back from the stream, offering no gap wide enough to contain a 
buried valley. The Impossibility becomes still more evident when we 
consider that the bed of the preglacial stream must have been at least 
too feet below the prcst-iit channel, as will be shown later. Between 
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Chestnut Street and Greendale Avenue the abundant outcrops near 
Ihe river strengthen the proof that this part of the course is of post- 
glacial origin. 

In the vicinity of Greendale Avenue the entire character of the 
valley changes, and the Charles emerges into a broad meadow, extend- 
ing to the north for over two miles. Instead of following this direct 
course, the inconsistent river turns suddenly to the south towards the 
narrower end of the valley, and, reaching its termination west of Ded- 
ham Village, is forced to find a passage between the granite ledges 
which border it as far as Ames StrL-et. At this point a broad, marshy 




valley is again encountered, and turning at an acute angle, the river 
flows off to the northward. Half a mile below Ames Street an arti- 
ficial ditch has been cut through the low divide on the east, diverting 
part of the water of the Charles into the rocky valley of Mother Brook 
leading to the Neponsu-t, and thus making Boston an island. North of 
this the Charles flows sluggishly through broad marshes, which unite, 
west of Cow Island, with the marsh already noted, east of Greendale 
Avenue, This portion of the valley is clearly very old (Figure 9). 
But at Nahanton Street a ledge of melaphyre rises east of the river, 
and northeast of here the valley rapidly narrows. At Highland 
Avenue conglomerate occurs close to both banks ; and south of High- 
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land Avenue and a quarter of a mile from the river a bold hill o^ 
felsitc rises to an elevation of about 170 feet. 

Below Central Avenue there is a sheer fall of 13 feet, and the 
river enters the picturesque Hemlock Gorge, and flows through it 
between steep ledges o( conglomerate, which rise precipitously froofl 
the water. Figure 10 shows the distinctly postglacial character of tht 
gortie. Below Worcester Street is a second dam, with a fall of 1 5 fee^ 




making the total height of Newton Upper Fails about 28 feet. Pas*^ 
ing out of the gorge below Worcester Street, the stream again reaches 
a broad, low valley, through which it flows westward until, just below 
the mouth of Rosemary Brook, it strikes a ledge of conglomerate and 
turns slightly to the north. Beyond this point high sand-plains c 
ill ; and at Newton Lower Falls the valley has become very nan 
having without doubt been ero<led by the river, as is indeed i 
cated by excavations in the steep slopes of the sand-plain. Enouj 
sand has been removed so that the horizontal strata are seen to i 
cut off abruptly by the ernsinn slopus. In the bottom of the vallA 
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at this point ledges of melaphyre occur, extending entirely across the 
river, and. together with artificial damming, making falls the tola 
height of which is about 22 feet (Figure \\). Below Newton Lower 
Falls the river passes on to a band of soft rocks, and once more finds 
itself in a broad valley devoid of outcrops. A mile west of the falls 
it strikes the crystalline border of the Boston Basin, and is turned to 
the northeast towards Riverside. Between Riverside and Walthan 
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outcrops are abundant on the west bank, occurring at Prospect Street 
close to tlie water. On the cast side of the river, the only ledges 
north of the Boston & Albany Railroad are several exposures of slate 
west of Aiiburndale. Below Waltham no outcrops occur near the 
river, except a ledge 100 feet south of the Bcmis dam, and below this 
the nearest are 1,000 feet from the river, in Newton, opposite Water 
town. Between Riverside and Cambridge there is no indication that 
the river is at any point far from its preglacial course. 

This brief survey of the topography of the valley of the Lower 
Charles seems to warrant the following conclusions: — 
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1. That above South Natick there could have been no preglacial 
stream larger than a mere brook. 

2. That in the regions between South Natick and Charles River 
Village, between Dcdham and Newton Upper Falls, and between 
Newton Lower P'alls and Riverside the valley is typically old. 

3. That at both the Upper and Lower Falls, and between Charles 
River Village and Dedham, the Charles is certainly out of its pre- 
glacial course. 

The explanation of these phenomena is found in evidence showing 
that the large basin between Dedham and Newton was formerly occu- 
pied by a separate stream, while the main river cut across Needhani 
to its present valley below the Lower Falls. 

It is probable, however, that the preglacial Charles did not have 
its principal source, as might be supposed, in the valleys of Natick 
and Dover; but that it rose far to the northwest. A peculiarity of 
the Sudbury River is the fact that, although in the upper part of its 
course it flows directly towards the Boston Basin to within five miles 
of its border, instead of taking the direct course of twenty miles to 
the sea across the softer basin rocks, it turns northward in the vicinity 
of Framinghatn to unite with the Assabet at Concord, forming the 
Concord River, which is tributary to the Merrimac at Lowell, and 
thence to the sea at Newburyport. making a total distance from 
Framingham of seventy-five miles. This course is evidently very 
unstable, and it must have been impossible for it to survive the com- 
plex stream adjustment which took place during the Tertiary period. 
The natural explanation is that between Concord and Saxonville the 
drainage has been reversed, and that in preglacial time the river had 
its source near Concord, flowing southward to the Charles through a 
valley now indicated in part by the basins of Morse's Pond and Lake 
Waban. 

Outcrops occur on the east slope of Train Hill, opposite Wellcsley 
College, and at Blossom Street, Wellesley ; but between these points 
none have been found. Moreover, between the Sudbury west of 
Reeves' Hill and the Charles there is room lor a buried valley over a 
mile wide, as shown by the absence of outcrops (Figure 8). A line 
drawn through Dudley, Pickerel, Jennings', and Morse's Ponds and 
Lake Waban, all kettle ponds, would mark approximately the most 
probable location of the buried valley. A convincing proof that such 
a valley lies beneath Wellesley is afforded by the record of a well 
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bored on the Mayo Farm, on Blossom Street, a mile north of the 
railroad. The well is located not far from the i6o-foot contour, and 
went through 90 feet of sand and gravel without striking ledge. It 
must extend about 40 feet below the surface of Morse's Pond, and as 
it is apparently not in the direct line til the preglacial valley, it is 
extremely probable that the lowest line or axis of the gorge is at a 
much lower level. As further evidence that this was the course of 
the preglacial Sudbury River, it may be added that: — 

I. The Sudbury River meadows are very narrow in the vicinity 
of Concord, but widen towards the south. 

I, At several points near Concord outcrops occur near the Sud- 

' and Concord Rivers. 

3. The tributaries of the Sudbury — Stows, Baiting, Wash, Hay- 
ward, and Cold Brooks — tend to converge toward the south rather 
than the north, 

4, The portion of the Sudbury above and that below Cochituate 
converge toward this preglacial outlet. 

The west branch of the Sudbury, flowing east from Westboro, 
must have combined with the north branch in the vicinity of Cochitu- 
ate to form the Charles. It is probable that at that time the Assabet 
was tributary to the Sudbury through either Pantry or Hop Brooks. 
Thus the entire area now included in the Sudbury and Asaabcl basins 
drained into the Charles, which must, consequently, have been a 
stream of considerable size. 

Upon reaching the Boston Basin the Charles .probably turned 
northeastward and followed the basin rocks out to sea. An extended 
study has shown that between Wcllesley and the Charles River east 
of Chestnut Street, Needham, outcrops are so thick that there are 
only two possible routes for the preglacial valley. One of these is 
eastward beneath Ridge Hill, and then northward between the felsitc 
and melaphyre outcrops south of North Hill. The other, more direct 
and more probable, course is directly east from Lake Wahan between 
the granite and sandstone outcrops, and beneath two large drumlins, 
to the valley of Rosemary Brook, The probability of the valley of 
this brook having once been occupied by the Charles is evident from 
its great size (Figure 12), It is out of all proportion to the size of 
the diminutive stream which now meanders through it ; and north 
of Needham it is, for a width of a mile and a half, entirely free from 
outcrops almost to Newton Lower Falls. 
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The great size of this part of the ancient valley may have been 
due in part, however, to a stream flowing into it from the basin on the 
east. The principal tributaries to this basin were South Meadow, 
Palmer, and Wigwam Brooks, which united to form the broad valley 
along the western end of the West Roxbury slate belt. Evidence, 
aside from the surface topography, that a deep buried valley exists 
here is afforded by the records of numerous wells. At the Pumping 
Station of the Brookline Water Works, on the southwest point of Cow 
Island, a number of wells have been sunk to a depth of 90 feet below 
the surface. One of them strikes ledge at that depth. As the eleva- 
tion of the surface at this point is about 93 feet, the wells evidently 
reach nearly to sea level. Beginning a mile northeast of this, and 
extending as far as Highland Avenue, numerous wells have been sunk 
for the Newton Water Works, the results of a few of which are given 
below. 



Wells along the Pipe Line 25 to 300 Feet South of the River, between Sta- 
tion o, 2,050 Feet Northwest of Kendrick Street, and Station ao + 50, at 
Kendrick Street. 



Station On Pipb Line. 


Elrvation of Bottom of Wbll RBrBRiiBO 

TO Sba Lrvbl. (In feet.) 


Station 2 -f 60 


+ 43 


Station 5 -f 10 


-f 20 


Station 7 -f 60 


+ 13 


Station 8 -f 80 


/ 


Station 9 -f 30 


— 34 


Station 9 -f 60 


— 27 


Station 9 -f 81) 


— 35* 


Station 10 -f 20 to 10 -f 50 


— 20 


Station 11 -f 10 to 12 -f 60 


to + 10* 


Station 12 -f 10 


— 35* 


Station 16 -f to 20 -f 50 


+ 50 to + 70 


Station 20 + 50, 265 feet from river 


+ 55 



* Ked-rock not reached. 



All the above wells reached bed rock at the depths given, except 
those at stations 9 + 8o» ^ ' + 10 to 12 + 60, and 12 + 10, in which 
cases no rock was encountered. South of Kendrick Street and west 





^^^ Gt-ohgien/ History of the Cluirles River. 195 

of the river the wells arc all very shallow, no rock being reached in 
any case. Along the eastern side of the river another line of wells 
hax been driven. The most westerly of these, some 2,000 feet south 
of Nahanton Street and 50 feet from the river, reaches bed-rock at ai 
elevation of + 16 feet. Kast of here the rock surface rises to + 36 
43, 47. and 57 feet in successive wells. The results of these borings 
show, first, that throughout this basin there is a deep buried valley 
Bt!Bpdmg"<aift Uld west; and second, that about 1,000 feet north 
■■HnCf^^HaHcd gorge of great depth trenches the botton 
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o( a north-south valley. This gorge, bounded as it is by outcrops o[ 
tlie cast and west, must belong to a preglacia! stream which was trib- 
utary to the east-west stream occupying the main valley, as described 
above. As the depth of the main valley must be at least as great as 
that of its tributaries, we mu-st conclude that this, also, had a depth 
of at least 35 feet below sea level. And if this stream flowed west 
ward into the Charles, the floor of that valley must have been stil 
ower. 

It has generally been supposed heretofore that the preglacia 
channel of the Charles around Newton Upper Falls diverged from 
the present river above Kendrick Street, passing south of the felsite 
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hill and through a narrow pass beneath tlie Sudbury Aqueduct just 
east of Cedar Street to the broad meadows in the viciaity of Worcester 
Street. A more direct and more probable course, howevac» is directly 
westward from Kendrick Street to the valley of Rosemary Brodc west 
of Highlandville. Along this line there is a gap over a mile in width 
•occupied by the sand-plain, having an elevation of from 120 to 140 
feet, above which not an outcrop appears (Figure 8). In the gap at 
the aqueduct, on the other hand, the breadth of the bed-rock valley 
on the surface is certainly less than 600 feet, and probably less than 
half that. The lowest elevation of the surface is about 105 feet ; but 
on both sides of this point, a few hundred feet distant, ledges rise to 
elevations up to 160 feet. Thus, although nothing has been found 
to absolutely disprove this route, we must accept the Highlandville 
course as the more probable of the two. 

The only objections to a westward flowing stream here are that 
the course is retrograde, and that it passes from the slate belt to the 
harder felsite to the west ; but this may be partly explained by assum- 
ing that formerly the slate was continuous westward to the valley of 
the Charles. A possible alternative course for the Charles would be 
to consider that, instead of turning north towards Waltham, it flowed 
eastward from Highlandville and followed the slate belt out to Boston 
Bay, across West Roxbury and Dorchester. I have considered this 
view, but have been able to find no direct evidence to sustain it. 
Moreover, at several points along the slate belt the gaps between the 
outcrops are so narrow as to render the course improbable. This is 
especially the case east of Franklin Field, Dorchester, where slate has 
been thrown out in excavating for sewers. For similar reasons, any 
attempt to trace a preglacial outlet through the valley of Stony Brook 
must be abandoned. An outlet along Mother Brook is impossible. 
Although this stream crosses the Neponset-Charles watershed at its 
lowest point, the channel is so tortuous and rocky that it cannot be 
considered for a moment. 

We must, then, suppose that from near Highlandville the course 
of the preglacial Charles was northwest to the present river below 
Newton Lower Falls, and that from there on it had approximately its 
present location. The existence of a deep gorge below the present 
river at Waltham is shown by several wells in that vicinity. A well 
at the Waltham Bleachery was driven to a depth of 70 feet below and 
one at the American Watch Tool Company to 63 feet below sea level 
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without reaching bed-rock. And wells at the Waltham Gas Company 
and the Davis & Farnham Foundry Company reached ledge at depths 
of — 40 and — 62 feet, respectively. 

The Tide Water Portion of the Charles. — The portion of the 
Charles southeast of Cambridge unquestionably overlies a preglacial 
valley. In planning for the construction of the Harvard and West 
Boston bridges many borings were made to depths varying between 
30 and 80 feet, none of which reached bed-rock. Around the 
northwest side of Beacon Hill, however, according to Mr. W. W. 
Dodge,^ rock rises to sea level and has been encountered in many 
excavations for sewers and cellars. In boring for the bridge of the 
Boston & Lowell Railroad, in 1833, rock was struck on the Boston 
side 12 feet below low water. These and many other similar facts 
make it probable that a continuous ridge of rock passes beneath the 
river north and northwest of Beacon Hill, presenting an effective 
barrier to an ancient channel on this side of Boston. 

The true preglacial valley must, therefore, lie to the south of 
Beacon Hill. Until the latter part of the nineteenth century the city 
was connected with Roxbury only by a narrow neck of land along 
Washington Street, between Pleasant and Dartmouth streets (Figure 
13). The land on either side of this neck, out to the present bank of 
the Charles on the west and to Fort Point Channel on the east, has 
all been formed by artificial filling. Dorchester Neck, between South 
Boston and Dorchester, is at present but half a mile across, and in the 
early days consisted of a marsh, which at times of very high tides 
was entirely covered, making South Boston an island. In the area 
between Beacon Hill and a line drawn from Roxbury Crossing to 
Mt. Vernon Street, Dorchester, there is not a single outcrop, with 
the exception of ledges in South Boston. The topography suggests 
at once that the early pleistocene course of the river was east or 
southeast from the Back Bay. And such a course is practically 
proved by numerous artesian wells, the data for a few of which 
follows. 



* Notes on the Geology of Eastern Massachusetts, (^roc. Bos. Soc. Nat. Hist., Vol XXI, 
pp. 197-215. 
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[n IIostdn ruoritB. 
L«rtloB. Dcplh dI bed-iodi 

1. I'Mt-Office Square . lOS ' 

2. EdJaon ElectHc Illuminating <Jo.. Uverpuol Wharf. AtUiiiic Avenue, 

opposite Pearl Ktrecl 83 

J. Federal Court— Federal Slieel fJO 

4. Atlantic Avenue, comer Coiigre^iS Street 'JD 

5. Boriog for Congress Street Bridge 43 5 

6. Adams House, 5S3 Wasliiiigioii Street 120 

7. Near Old Elm, Boston Coinmon la'i ■ 

8. Old Boston & Providence Kailroad Station. Park Square .... 163 

9. Hotel Plaza, corner Columbus Avenue and Holbrook Street ... % 
la 53 West Ilrookline Street, corner Washington 33 

11. Allen Gymnasium, corner St. Botolpb and Garrison Streets . . HO' 

12. 791 Tremoiit Street, corner Northampton 170 

13. Corner Swell and Albany Streets 105' 

U. Near outlet of Fresh Pond HS 

15. Brigham's. Massachusetts Avenue. Cainbridgeport 120 

16. Soap Works, comer Davis Street and Itroadway, Camliridgeporl . . UO-lti 

17. John P. Squires & Co., Gore Street. 1^1 Cambridge .... 60 

In South Hoston and lioKCHi^srKK. 

18. I'ier 4. S<,ulh Boston 118" 

19- Just to south, on next pier 35 

20. Old Calf Pasture, Ml. Vernon Street ....... 166 

On Line of Sewkiugk Tunnel fsom Calf Hastubk m Sqiiam-iim. 

21. West Shaft. Pumping Station over 100 

22. Hock rises towards K\\t east 10 about level of low water, 

23. North of Dorchester Street exists a ledge of slate, which was formerly quariicd. 

24. Dredgings in the harbor have struck rock in many places between Castle and Guveriioi's 

Islands. 
25- North of Governor's Island borings of 40 feet have failed tu reach rock. 

Comparing these data, it is st^cn front 14, 15, and 16 that hcnuMlli 
Cambridgfport the bed-rock is from no to 150 feet below sea level, 
but that it rises towards the north, as shown by 27, forming an east- 
west ridge extending as far east as Beacon Hill. In Fost-Office 
Square the rock surface is again very low (i). South of Beacon Hili 
is at! east-wesl gorge of great depth (6, 7, and 8), which probably 
passes eastward between I'ost-Office and Dewey Squares ; and 25 
indicates that the gorge may be e-xtended eastward between Gov- 
ernor's Island and East Boston, South of Park Square the bed-rock 
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rises, as shown by 9 and 10, to between 80 and 100 feet below sea 
level, forming a ridge which is shown by numerous outcrops in South 
Boston and Boston Harbor to be continued as far east as Castle 
Island (23 and 24). South of this ridge is a second deep gorge. The 
lowest rock surface shown by the records is at 791 Tremont Street, 
near Northampton (12), where it is nearly 170 feet below sea level.^ 
Borings 13, 20, and 21 show this gorge to be extended east between 
South Boston and Dorchester to the Old Harbor. 

Thus the preglacial gorge of the Charles beneath Boston must 
have one of two locations. The course most in line with the river to 
the west would be the more northern one. But the bend which would 
be necessary in that case between the outcrops west of Beacon Hill 
and the comparatively shallow borings near Dewey Square is an un- 
natural one. A straighter course, and one giving room for a wider 
gorge, is the southern one, which is also the one in which the lowest 
bed-rock surface has been found (12, 20). 

Moreover, the deep borings in Cambridge are exactly in line with 
the southern gorge, and the topographical map shows that, with a 
slight bend to the north, the surface depression here continues with 
an average width of two miles across Belmont and Arlington to the 
Mystic Lakes at West Medford. Professor Crosby has shown * that 
the Merrimac River in preglacial time was probably tributary to 
Boston Bay. If such was the case, its most direct course would be 
southward from Arlington along this depression to the Old Harbor. 
Hence the preglacial Charles was a branch of the Merrimac, meeting 
it in the vicinity of Cambridgeport. An alternative course for the 
Merrimac is eastward from West Medford through the valley of 
the Mystic ; but as this would necessitate a sharp bend at West 
Medford, I consider it less probable. 

As the Pleistocene elevation of the land carried the shore line 
in the vicinity of Boston much farther east than it is at present, the 
streams of that time had to cut their gorges in rock which is now 
deeply buried beneath the bay. Two courses must be considered for 
the Charles (or the Merrimac) after reaching the Old Harbor: a 
northern one, passing just south of Castle Island, and thence north- 



' As the elevation of the land between Beacon Hill and Roxbury is but a few feet above 
high water, it may practically be neglected here. 

'Geological History of the Nashua Valley, /. r., p. 302. 
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east ; and a southern one, towards Thompson's and Moon Islands and 
Nantasket. Between Nash's Rocks, north of Point Allerton, and 
Moffit's Ledge, over two miles farther north, ledges are so frequent 
as to afford no probable location for a valley. This band of ledges, 
trending approximately northeast and forming the Outer Islands, is 
a continuation of the line of outcrops in the lower Neponset Valley, 
and exposed in Squantum, on Moon Island, and in Sculpin Ledge. 
It is improbable that this ridge was crossed by the preglacial channels 
of either the Neponset or the Charles, but it more likely formed a 
divide between them. Moreover, northeast of the Calf Pasture ex- 
tends a broad, open area, unobstructed by any land, except Deer 
Island, which is a drumlin ; and this is regarded as the most probable 
course of the submarine gorge of the preglacial Charles. 

[To be concluded in the next number of the Quarterly.] 
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RESULTS OF TESTS MADE IN THE ENGINEERING 

LABORATORIES. 

XIII. 



Steam, Hydraulics, and Applied Mechanics. 



Measurement of Air with an Orifice. 

The increasing use of compressed air as a motive power makes 
desirable some simple method of determining the quantity of air con- 
sumed. At present we have only Fliegner's formulae, based upon his 
experiments with two small orifices, 4.085 mm. and 7.314 mrn. in 
diameter and with pressures under five atmospheres. 

To test the availability of these formulae for larger orifices and 
higher pressures, and if necessary to establish new formulae, the appa- 
ratus shown in the accompanying cut (Figure i) has recently been 
installed 'in the Mechanical Engineering Laboratory. 

The battery of twelve tubes, tested to stand hydraulic pressure 
of 3,500 pounds per square inch, is piped to form three units of two 
and two units of three tubes each, thus permitting the use of any 
number at once. Because of the diflficulty in preventing leakage 
through the connecting valves, it has been found advisable in practice 
to use the entire reservoir. The slight leakage about the stuffing 
boxes can be so minimized as to be negligible. These supply tubes 
are connected by piping to a large receiver, the admission of the air 
being controlled by a throttle valve placed in this pipe. The receiver 
has a safety valve set at about 350 pounds, so this determines the 
maximum pressure that can be used with the present arrangement. 

The orifices are all made with the length of the cylindrical part 
one and one-half times the diameter and with a radius of the rounded 
approach equal to the diameter. The orifices were carefully made by a 
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skilled workman, care being taken to avoid any scratches which might 
affect the passage of air. When finished the diameter of each was 
carefully determined by fitting an arbor of slight taper into the hole 
and calipering the arbor with a micrometer caliper. At the centre 
of the straight cylindrical part of the orifice is a hole j'j-inch in 
diameter, drilled at right angles to the axis of the orifice and con- 
nected by piping to a pressure gauge. 

The reservoir and receiver were fitted with gauges and thermom- 
eters. These instruments were carefully calibrated and the correc- 
tions applied to all the readings. The volume of the receiver and 
each of the twelve tubes was obtained by weighing the amount o£ 
water of known density necessary to fill them, and that of the piping 
was calculated from careful measurements. The total volume of the 
twelve tubes and the piping down to the throttle valve is 49.lt cubic 
feet (I'l), and of the receiver and piping from the throttle valve is 
41.14 cubic feet ( (^J. 

To make an experiment the orifice was first closed with a wooden 
plug held against it by means of a lever, and then the pressure and 
temperature of the air in Iwth the receiver and the tubes forming the 
reservoir were recorded. Air was next admitted to the receiver until 
the desired pressure had been obtained, when the orifice was uncov- 
ered and a stop watch was started simultaneously. Readings were 
then taken, at half-minute intervals, of the pressure in the orifice and 
of the pressure and temperature in the receiver. At the close of the 
test, produced by closing the throttle valve, the watch was stopped, 
and at the same time final readings were taken of the pressure and 
temperature in the receiver. During the test the pressure was kept 
nearly constant by regulating the throttle valve, but the temperature 
in the receiver would rise rapidly at first and then gradually fall again 
as colder air came in from the reservoir. At the close, after the 
temperature in the supply tubes had become constant, a final reading 
was taken of the pressure and temperature. As it takes some two or 
three hours to fill the tubes to a pressure of 2,500 pounds to the 
square inch, and only about 3 minutes to empty them with a |-inch 
orifice, it was found advantageous to save as much of the air as 
possible; so at the end of some of the tests the plug was replaced 
before all the air had escaped from the receiver. This accounts for 
the initial pressure (P^ so often being different from atmospheric 
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The air was supplied by a three-stage Norwalk Air Compressor, 
[and contained from day to day varying amounts of moisture and also 
I of cylinder oil. It was assumed, in working up the results, that the 
air followed the law of perfect gases up to 200 pounds pressure on 
the square inch, and that above 200 pounds it follows the same devia- 
tion as the dry air experimented upon by E. H. Amagat. Interpo- 
lating the pressures in Amagat's results gave the specific volumes 
[\-\. fj) at 32° F, From these and the observed temperatures were 
obtained the densities of the air in the reservoir before and after the 
lest (Wy and w,, respectively), and also in the receiver before start- 
ing and at the moment the throttle valve was closed iw^ and iv^, 
respectively). , 

The weight of air that has passed the orifice is equal to that 
which has left the tubes minus the increase of weight in the receiver, 
or the weight per second is 



^[^.' 



■ V^ (wg — w^)~\ 



= pounds of air passing otifice pel second. 

= duialion of lesl in seconds. 

= volume of leservoir >» 49-11 cubic feel. 



»[ = weighl: of 1 cubic 

&i| =: neighl ai 1 cubic 

trii = weight of 1 cubic 

Bo =^ neiglil of I cubic 



= 4I.Hcubicfeet. 

<t of air in lubes a 
.1 of air in receiver 
I of air in receiver 



In the accompanying tables the tests given by date were made 
by the Seniors as part of the regular laboratory exercises ; those 
designated by numbers are taken from the thesis of Messrs. Putnam 
and Sweetser, Although the observations are not sufficiently numer- 
ous to justify the final establishment of new equations, they still 
permit of one or two interesting deductions. 

When the pressure in the receiver was more than twice the 
atmospheric pressure, a condition fulfilled in all these tests, Fliegner 
found that the pressure in the orifice was always the same proper- 
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tionate part of the pressure in the receiver. The present observa- 
tions not only bear out this statement, but seem to show that there 
is a different ratio for each orifice. 

If the results are plotted with the average receiver pressure 
(Pg average) as abscissae and pounds of air per second (G) as ordi- 
nates, it is possible to give a close approximation to the results by a 
series of straight lines, one for each orifice, converging at the origin. 
A general expression for the results is, then, of the form (7 = C. /*. (i). 
The thermodynamic equation for the adiabatic flow of air through an 
orifice is 



A = area of orifice in square inches. 

K = 1.405 the ratio of the specific hea's. 

R = ^1.11. 

7*= absolute temperature. 

P= absolute pressure per square inch. 

The above equation can be made to represent the flow where the 
expansion is not quite adiabatic nor frictionlcss, as shown by Zeuner, 
by writing it in the form 



-w^.-i-,[(-;t)--(;:)-]-^ 



.... (2) 



>Jt 



where n < k and to be determined by experiment. Equation (2) has 
the form 

_ area X k\ „ 



By comparing equations (3) and (i), it is evident that the con- 
stant (C) embraces the area of the orifice, the temperature at which 
the experiments were made and a certain constant (k^ dependent 
upon the size of the orifice. 

As all the results may thus be represented by equation (3), it 
would be easier to determine the value of (k^ from a plot if the effect 
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of the varying temperature were eliminated. The value of (C) has, 
therefore, been corrected to 32° F. by means of the equation 



J 7; average 
— n _i 



\492.7 



It is hoped in the near future that enough data will be collected 
on different orifices to finally establish the values of the constants in 
the above equations. 
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HiRN Tests. 

The object of these tests is to show the interchange of heat be- 
tvreen the steam and the walls of the cylinder during the different 
parts of the stroke. 

A complete description of the manner of conducting such tests^ 
together with the thermodynamic equations used in calculating the 
results, will be found in the Technology Quarterly, Vol. IX, 
pp. 43 to 50. 

The tests here given form a part of a series which have been 
made on a 9"- 16" -24" x 30" triple expansion engine of the Corliss 
type, made by the E. P. Allis Company. 

The report of tests No. I to IV will be found in the Technology 
Quarterly, Vol. IX, and of tests V to XII in Vol. XIII. 

These four tests were made with the engine running as a com- 
pound, the low pressure cylinder being cut out. 

The dimensions of the engine are as follows : 

High Pressure Cylinder. 

Dia. of piston = 8.99". Dia. of piston rod = 2.19". Stroke = 30'^ 
Piston displacement : H. E. =: 1.102 cu. ft. ; C. E. = 1.037. cu. ft. 
Clearance in % of P. D. : H. E. = 8.83 ; C. E. = 9. 76. 
Engine constant: H. E. =.004809; C. E. = .004524. 

Intermediate Pressure Cylinder, 

Dia. of piston = 16.01". Dia. of piston rod = 2.19". Stroke = 30". 
Piston displacement : H. E. = 3.495 cu. ft. ; C. E. = 3.430 cu. ft. 
Clearance in % P. D. : H. E. = 10.4 ; C. E. = 10.9. 
Engine constant : H. E. = .01525 ; C. E. = .01497. 

Low Pressure Cylinder, 

Dia. of piston = 24.063". Dia. of piston rod = 2. 16". Stroke = 30'^ 
Piston displacement : H. E. = 7.894 cu. ft. ; C. E. = 7.831 cu. ft. 
Clearance in % P. D. : H. E. = 12.18 ; C. E. = 12.27. 
Engine constant : H. E. = .0345 ; C. E. = .03417. 
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Tbst Numibik. 



Duration of test, minates 

Total number of revolutions 

Revolutions per minute 

Steam consumption during test, pounds : 

Passing through cylinders 

Condensation in h. p. jacket 

in receiver jacket .... 

in i. p. jacket 

Total 

Condensing water for test, pounds . . . 
Priming, by calorimeter 

Temperature, Fahrenheit : 

Condensed steam 

Condensing water, cold 

Condensing water, hot 

Pressure of the atmosphere, by the barom- 
eter, pounds per square inch . . . 
Boiler pressure, pounds per square inch, 

absolute 

Vacuum in condenser, inches of mercury . 

Events of the stroke, per cent. : 

High-pressure cylinder — 

Cut-off, crank end 

head end 

Release, both ends 

Compression, crank end . . . . 
head end 

Intermediate-pressure cylinder — 

Cut-off, crank end 

head end 

Release, both ends 

Compression, crank end 

head end 

Absolute pressures in the cylinder, pounds 
per square inch : 

High- pressure cylinder — 

Cut-off, crank end 

head end 

Release, crank end 

head end 

Compression, crank end 

head end 

Admission, crank end 

head end 



XIII. 



60 
.S,193 
86 55 



757.5 
466 
74 4 
638 



942 3 

21,345 

.8% 



71.2 
46.4 
846 

14.79 

134.8 
25.86 



104 

85 

100 

70 

9.0 



2ao 

27.0 

1000 

7.0 

7.0 



127.8 
122 8 
27 1 
22 8 
27 6 
26.8 
42.6 
53 8 



XIV. 



60 
5,192 
86 53 



744 
45.5 
67.0 
616 



918.1 

20,574 

.7% 



71.5 
46.3 
86.3 

14 80 

1348 
25 59 



XV. 



10 3 

84 

100.0 

7.0 

9.0 



280 
27.0 
100.0 
10.0 
10 



123.8 
120.3 
266 
22 6 
25.5 
263 
45.0 
55.3 



60 
5.027 
83.78 



1065.0 
47.2 
91.0 
73.3 



1296 5 

28,973 
11% 



76.4 
46.1 
85.6 

14.78 

133 5 
25 61 



XVI. 



22.9 

23.6 

100.0 

7.0 

90 



21.0 

200 

100.0 

7.0 

70 



1233 
^119.7 
41.3 
39 3 
447 
44 5 
66.9 
93.7 



60 
5,042 
84 03 



1057.5 
49.6 
926 

72.1 



1271.8 

30,768 
1.0% 



74.9 
46.1 
83.0 

14 79 

133.5 
25 59 



22.5 

22.2 

100.0 

7.0 

9.0 



20.5 
20.5 
100 
10.0 
10.0 



123.3 
1206 
41.9 
38.0 
44.6 
43.6 
67.6 
90.0 
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2X7 



Tbst Numbsk. 



Intermediate* press are cylinder — 

Cut-off, crank end 

head end 

Release, crank end 

head end ....... 

Compression, crank end 

head end 

Admission, crank end 

head end 

Heat equivalents of external work, B. T. U. 
from areas on indicator diagram to line of 
absolute vacuum : 



High* pressure cylinder — 

During admission, A fVa, crank end 

head end 

During expansion, A Wb, crank end 

head end 

During exhaust, A IVc, crank end . 

head end . 

During compres*n A IVj, crank end 

head end 

Intermediate- pressure cylinder — 

During admission, A JVa, crank end 

head end 

During expansion, A Wb, crank end 

head end 

During exhaust, A IVe^ crank end . 

head end . 

During compres'n, A Wd, crank end 

head end 



Quality of the steam in the cylinder. At 
admission and at compression the steam 
was assumed to be dry and saturated : 

High-pressure cylinder — 

At cut-off xi . . . 

' At release X2 . . . 

Intermediate- pressure cylinder — 

At cut-off xi . . . 

At release X2 . . . 



XIII. 



XIV. 



XV. 



XVI. 



19.9 
20.1 
7.1 
6.5 
2 4 
2.5 
5.6 
7.2 



2.73 
225 

8.87 
804 
4.54 
4.47 
0.58 
0.74 



4.07 
409 
498 
5 05 
1.51 
1.61 
0.17 
0.31 



.656 
.850 



.856 
.898 



20.3 
20.6 
6.4 
6.3 
2.5 
2.6 
5.6 
7.2 



2.64 
233 
8.92 
8.11 
4 62 
4.51 
0.55 
068 



4.11 
4.10 
4.98 
5.02 
1.64 
1.54 
0.18 
0.26 



.651 
.847 



.889 
.859 



36.0 
35.4 
10.3 
8.9 
36 
2.8 
7.5 
7.8 



5.86 
622 
9.90 
9.52 
7.33 
7.50 
092 
1.38 



5.41 
5.10 
8.78 
8 49 
2 17 
1.78 
O30 
0.34 



.740 
.889 



.820 
.846 



36.8 
35.4 
10.3 
9.0 
3.2 
2.7 
7.5 
7.8 



5.71 
5.89 
9.67 
9.43 
7.28 
7.34 
0.83 
1.11 



5.25 
5.15 
8.78 
8.33 
2.25 
183 
023 
0.38 



.746 
.910 



.856 
.882 
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Tbt Nmnii. 


X»I. 


XIV. 


XV. 


XVI. 












the willa of the cylinder! in B. T. U. 




















are afauirbed by the cylinder walls i quan- 










tiiies iHecied by the negative lign are 










yielded by ilie «alU; 










High.p.«8ure cylinder - 










Brought in by aieam . Q . . . 


86-2 


W.7 


1Z7.3 


123.8 


During admission . . Q. . . . 


262 


260 


28.1 


26.9 


During ei pan si on . . Q, . . . 


-ia4 


— 18-S 


-21.7 


-22.8 


During exhaust . . G . . . 


-103 


-10.0 


-96 


— 7J 


During compression . 0w . . . 


0.6 


OS 


l.O 


0.8 


Supplied by jackal . . Qj . . . 


JV 


38 


4.0 


4.2 


Losi by radiation . . Q. . . . 


1.8 


1.8 


18 


l.S 


First intermediate receiver — 










Supplied by jacket . . Qjk . . . 


62 


S-b 


7.8 


7.9 


Lost by radiation . ■ Qu: • ■ ■ 


1.3 


13 


L3 


1.3 


Jntennediare' pressure cylinder— 










Brought in by slcam . C . . . 


87.2 


8.S0 


128 S 


125.7 




H3 


111 


238 


20.1 


During expansion . . Q', . . . 


-6.7 


—I 6 


-8 5 


— 8.S 


During exhaust . . . (^, . . . 


—111.1 


-113 


-18,8 


—19,3 




0.2 


03 


0.3 


03 


Supplied by jacket. . g'y ■ • ■ 


53 


5.1 


63 


6.1 


Lost by radiation . . Qi. . . . 


3.0 


3.0 


30 


3.0 


Total loss by radiation: 










By preliminary teat . . Y.Q. 


6 1 


6.1 


6.1 


6.1 




8-S 


4.0 


S.1 




Power and economy: 






Heal equivalents of works per stroke : 










Higli pressure cylinder /* W . . . 


5.90 


5 91 


7.10 


7 19 


Int-pressure cylinder AH". . . 


7.21 


7.21 


11.37 

~18.47" 
IS.l 


11-79 




13.11 
15,3 


13.12 

l+^ 




Total heat furnUhed by jackets . . . 


IS 3 


Distribution of work: 










High-preisurc cylinder 


1.00 


1.00 


1.00 


1.00 




1.22 


1.22 


1-64 


1.60 


Total horse-power 


53 57 


53.53 


75.01 


73.22 


Steam per barsc-power per hour . . 


17,6 


17.2 


17.3 


17.4 


B. T. U.per horse- power per minute . 


305.0 


29S0 


300.9 


30Z3 


B. T. U- per horse-power per minute, 










2 pounds absolute 


302.7 


295.4 


299,6 


300.8 



Engine Tests. 



Engine Tests, 



The tests made on the Triple Expansion Engine run as a com- 
pound, the low pressure cylinder being cut out, show the economy of 
this engine when running under the following conditions: 

([) No jackets on the cylinders and none of the heating surface 
of the reheater used, the boiler pressure being approximately loo 
pounds per square inch by the gauge. ! 

■ (2) The same conditions as in (i), with the exception of the boiler 
pressure, which was approximately 120 pounds per square inch by the 
ga^ge. 

, The dimensions of this engine are given in connection with the 
Him tests. A description of the reheater has also been given in 
the Technology Quarterly, Vol. XI. 

The Tandem Compound Engine has the high pressure cylinder 
only jacketed, and a coil of pipe is used to reheat the steam in the 
receiver. The tests show the economy of this engine when running 
under the following conditions : 

(i) No jackets used on high pressure cylinder and coil not used 
in the receiver, the boiler pressure being approximately 100 pounds 
per square inch by the gauge. 

{2) Jackets used on the high pressure cylinder and coil used in 
the receiver, the boiler pressure being approximately 120 pounds per 
square inch by the gauge. 

The dimensions of this engine are : 

Hith. Lo>. 

Diameter of pUlon, inches 11 19 

Diimeter of pialon rod, inches 1.63 2 13 

Stroke, inches 15 

Ail the tests were of 6o minutes" duration, indicator cards being 
taken at 5-minute intervals. 

The plots. Figures 2 to 5, show the heat consumption per horse- 
power per minute reduced to 2 pounds absolute; one plot for each 
engine showing the variation of the heat consumption with the 
change of cut-off on the high pressure cylinder; the remaining plots 
showing the variation of the heat consumption with the indicated 
horse-power reduced to 2 pounds absolute. 
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Water Ejector Tests. 

The following tests were made on a Hancock Ejector, size No. 6, 
which was fitted with a i-inch feed pipe and with 2-inch suction and 
discharge pipes. The feed water was measured by means of a cali- 
brated tank. A small steam pump was used for forcing the water 
through the ejector. The amount of water discharged was determined 
by weighing. The pressure heads at entrance, suction, and discharge 
were found from the readings of Bourdon gauges. The duration of 
every test was 30 minutes, and observations were taken at 2-minute 
intervals. 
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Device for Measuring Water under Pressure. 229 

Tests on a Portable Device for Measuring Water under 
Pressure. 

The apparatus consists of 2 feet of 4-inch steam pipe, to the dis- 
charge end of which a flange was screwed. Between this flange and 
I second one bolted to it was inserted a brass plate containing a 
Standard orifice. The apparatus is shown in Figure 6. 

The water was supplied to this orifice pipe through a 3^-inch 
supply pipe. To determine the pressure acting on the orifice, the 
Dritice pipe was tapped 7 inches behind the brass plate. The pressure 
fas transmitted from this section through suitable piping to a mer-_ 
cury column the scale of which read pounds per square inch. 

These pressure readings were corrected for temperature. The 
water used was measured in a calibrated tank of 250 cubic feet 
■capacity. The coefliicicnts were obtained by substituting in the 
formula Q^= C A "^^^gh, where (Q) is the cubic feet per second, 
i(C) is the coefficient of discharge, and (.4) is the area of orifice in 
square feet (.003595). Cf) ^= 32-2, and {li) is the head as calculated 
from the pressure, velocity head being negligible. 

The temperature of the water varied between 16° and 20° 
Centigrade. 
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Cement Tests. 

PORTLAND CEMENT. — NEAT CEMENT. (Teiwloii.) 
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PORTLAND CEMENT. — SAND TESTS. (Comprcsrioo.) 
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THE PULSOMETER STEAM PUMP. 

Uv JOSEPH C. RILEV. 

The idea of raising water by condensation of steam and then 
lorcing it to a further elevation by the direct pressure of steam on 
the surface of the water originated with Captain Thomas Savery, who 
in 1698 patented his celebrated "fire engine." Properly speaking, 
the device was not an engine, but a sort of pump, the forerunner 
of the present pulsometer. 

It consisted of two closed vessels, supplied with steam through 
valves at the top, and provided with pipes through which water could 
be drawn in and discharged. In operating, one vessel was first filled 
with steam. The steam valve was then closed, and a spray of cold 
water injected. The vacuum formed caused water to rise through the 
suction pipe, filling the vessel. The spray cock was then closed and 
steam let in, pressing upon the surface of the water and forcing it 
out through the discharge pipe. By aid of a man to operate the 

ves, a continuous stream could be maintained from the two vessels. 

In those days the demand for pumping machinery came almost 
entirely from the coal mines, where great need was felt for some 
form of mechanical pump to lake the place of manual labor or animal 
power. At once Savery's engine found a useful field, but its enor- 
mous consumption of steam by useless condensation was everywhere 
against it, and moreover the very limited height to which it could 
force water made it quite unfit for use in the deeper collieries. 
Newcomen's atmospheric engine soon provided meciianical power in 
a more convenient form, and engineers from that time gave their 
Utention to designing pumps of the piston type. Savery's principle 
was soon abandoned, and no other successful steam-vacuum pump 

I produced for nearly two hundred years. 

In 1872, Charles H. Hall patented the pulsometer in a form which, 
though it has since been slightly altered, has remained unchanged in 
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its essential details. Its principle is simply a modification of Savery's 
original idea, improved in its application by the use of an automatic 
steam valve in place of valves requiring a man to operate them. It ia 
no longer limited to small lifts, for much higher steam pressures are 
now available. 

A piilsonieter of the old style, made under Hail's patents of 1872 
and 1881, is shown in section in Kiguru i. It consists of a single 
casting having two i»ear-shaped chambers, with tapering necks bent 
toward each other, and sur- 
mounted, by another casting 
in which the two passages 
unite in a common chamber. 
At the junction is a brass 
ball, which oscillates with 
slight rolling motion, thus 
closing cither of the two 
chambers to the passage of 
steam from the supply pipe 
above. Water is drawn in 
from below, through the 
suction valves, oni; of which 
is shown in section. It is ex- 
pelled through the passages 
E E, through the discharge 
valves, and into the triangu- 
lar space, shown dotted, and 
finally is delivered through 
the vertical pipe. A foot 
valve in a separate casting 
below the pump prevents ' 
return of the water in the 
suction pipe. P P are the pumping chambers. The circular pass- 
age, S, is in the front part of the casting, and connects with the air 
chamber, marked A. Two small holes, not shown in the cut, pass 
from beyond the discharge valves back into the pumping chambers. 
These are the injection tubes. They are located just below the hori- 
zontal upper edges of the discharge passages. Into the three small 
holes near the top of the chambers, air valves are fitted, their pur- 
pose being to admit air to the chambers when the pressure within 
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JB less than that of the atmosphere. The amount which they may 
open is adjusted by thumb screws. 

The operation of the pulsometer is as follows : The ball being at 
the entrance of the left-hand chamber, and the right-hand being full 
of water, steam enters, pressing on the surface of the water, and 
forcing it out through the discharge passage. A rapid condensation 
of steam occurs from contact with the water and with the walls of 
the chamber, previously cooled by the water. When the water level 
has reached the horizontal edge of the discharge passage, a large 
volume of steam suddenly escapes and is at once condensed by the 
relatively cold water between the chamber and the discharge valve. 
The pressure in the chamber quickly decreases ; it cannot be sus- 
tained by steam from the boiler, for, in accordance with the inventor's 
iirst specifications, the steam pipe is small. If now the pressure in 
the left chamber is equal, or nearly equal, to that in the right, friction 
caused by the rapid flow of steam past the ball will draw the ball over 
and close the right-hand chamber. Cut off from further supply, the 
steam, in contact with water, begins to condense ; a jet of cold water 
from the discharge pipe spurts up through the injection tube, and by 
breaking into spray against the side of the steam space, completes the 
condensation. The partial vacuum produced brings water through 
the suction valve to fill the chamber; but at the same time the air 
valve admits a little air, which passes up ahead of the water and forms 
an elastic cushion to prevent the water from striking violently against 
the steam ball. The air chamber, A, is for the purpose of preventing 
water-hammer in the suction pipe. 

In the manner just described, the pump pulsates regularly, steam 
being condensed, mingling with the water and passing out at the 
discharge pipe, one chamber pumping while the other is filling, with 
no external evidence that the pump is working except a slight clicking 
of the steam valve as it rolls between its seats. 

The pulsating action may be further explained by reference to the 
indicator diagrams of F"igure 2. These were taken from a pulsometer 
like that shown in Figure i. Crosby indicators with 20-pound springs 
were used, the cords being pulled simultaneously and uniformly by 
mechanical means. The indicator pipes entered the three chambers 
near their highest points. Steam at a gauge pressure of 21 pounds 
was supplied from a reservoir close at hand, A pressure on the dis- 
charge valves of 13.4 pounds was obtained by an actual water column. 
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Fig. 2. — Indicator Diagrams. 
AAi atmospheric line; /V, water pressure on discharge valves; VV^ vacuum line. 
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not by pumping against a partially closed valve. From the cistern to 
the suction valves there was a lift of 4 feet ; from cistern to steam 
valve measured 6 feet. The pump was pulsating regularly about once 
a second, and delivering about 10 cubic feet per minute. The total 
lift was 33,1 feet. 

All of the diagrams are to the same scale. The first three are 
combined in the fourth. In each diagram, A A '\?. the atmospheric 
line ; V V, the absolute vacuum line \ P P, 3. line showing the water 
pressure on the discharge valves. In the upper diagram, at B, the 
ball rolls to the right, closing the right side. Steam enters the left 
chamber, raising the pressure to about 20 pound.s at C. From C to D, 
steam forces the water out of the chamber, but the increase in volume, 
due to an increasing diameter of the chamber, combined with a more 
rapid condensation as tlie water surface spreads out, causes a down- 
ward slope of the steam line from C to D. Meantime, in the right- 
hand chamber, from E^ the pressure dropped, by condensation, to 
below the atmospht-re. Water was drawn through the suction valve 
and air admitted at the air valve until, at Fi the chamber was nearly 
filled, or perhaps it is better to say until atmospheric pressure was 
reached. 

Driven by the pressure in the discharge pipe, water continued to 
be forced back through the right injection tube, compressing the air 
in the chamber and steadily increasing the pressure from F^ to 5,. 
During this time, from D to E, steam had been escaping from the 
left-hand chamber into the discharge pipe. The passage of the steam 
is not uniform, but may be likened to the gulping flow of air into a 
bottle when filled with water and quickly turned neck downward. 
This supposition is confirmed by the undulating tine drawn by the 
indicator from below D to E. 

At E, the pressure in the left chamber was still a little greater 
than that in the right at the same instant, but friction of the incoming 
steam, or the impulse given by it, drew the ball off from its right-hand 
seat, and closed the left-hand chamber. Thus one pulsation was 
completed. • 

It was thought, before taking the diagrams, that the air chamber 
might play a more important part than proved to be the case. It was 
found that the air valve of this chamber had to be left open more than 
either of the other two in order to prevent water-hammer in the 
suction pipe, for otherwise the supply of air in the chamber was 
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soon exhausted. This chamber is merely to provide an air cushion 
for the suction and produce a quiet action of the pump ; it is not 
absolutely necessary — Hall's original pulsometer had none. 

Reference to the lowest diagram will show what is happening in 
all three of the chambers at any instant. The shaded areas, above 
the discharge pressure line P P, show when water is being forced 
through the discharge valves. About one-fourth of the distance across 
the diagram, from the left, the pressure in the left chamber rose above 
the discharge pressure. At this moment the pressure in the right 
chamber fell below the atmosphere. Thus the left pump began to 
discharge at the instant when the right began to draw its water from 
the suction pipe. But the left had emptied and steam began to escape 
before the right was full. This should not be the case. An ideal 
diagram would show one side discharging while the other is filling, 
both actions beginning and ending together, and instantly upon their 
completion the valve should shift and reverse the actions. Delay in 
moving the valve after the forcing action was completed, produced 
the great waste of steam between D and E of the upper diagram 
when steam was blowing through into the discharge pipe, and no 
pumping at all was done. (The very small shaded area probably rep- 
resents a redischarge of water which had flowed back into the pump- 
ing chamber.) The valve cannot leave its right-hand seat and move 
toward the left against a great excess of pressure, so that if its motion 
is to be hastened, the suction period must be shortened and pressure 
in the chamber which has just filled must increase faster than is 
shown by the sloping lines F^ B^. This might be accomplished by 
closing the air valve and not allowing any air to enter. The better 
vacuum thus formed would cause the chamber to fill more quickly, 
and fill completely with water, and no air being present, the back flow 
through the injection tube would at once raise the pressure as desired. 

But unfortunately such action is impracticable with a steam valve 
of the ball type. If no air is admitted, the rising water strikes the 
ball a violent blow and lifts it bodily from its seat, producing very 
irregular pulsation and sometimes stopping the pumping altogether. 
Another form of steam valve which is hinged at its top, and swings 
between its seats, is not subject to this objection, and has been found 
to give excellent, results. Let it be added that the valve of this par- 
ticular pulsomieter was in good condition, and its motion was quite 
free. 
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In connection with tiie time taken to fill a chamber, attention is 
called to the fact that the indicator, during filling, reached 10 pounds 
below atmospheric pressure, although the lift was only 4 feet, and the 
suction pipe was perfectly clear. 

The pulsometer from which these diagrams were obtained was 
tested in January, 1901, at the Massachusetts Institute of Technol- 
ogy. It is known as a No. 4 Pulsometer, of the old style, and was 
built by the Pulsometer Steam Pump Company, of New York. It 
has a ^inch steam pipe, and 3j-inch suction and discharge pipes. 
The volume of each pumping chamber from steam valve to upper edge 
of discharge passage is 0.21 1 cubic feet. Water was fed from a large 
calibrated tank to a barrel directly underneath the pulsometer, and a 
constant level maintained in the barrel. The possible error in water 
measurement was less than i per cent. 

The discharge pipe was about 3 feet long, having one long sweep 
bend and leading horizontally into a large tank connected with a lo-inch 
standpipe. Waste valves on the standpipe made it possible to main- 
tain any desired head with a fluctuation of not more than one-tenth of 
a foot. Steam was brought from the boiler through an orifice ^^ inch 
in diameter, into a reservoir made of 8-inch pipe, wrapped to prevent 
capdensation . A short piece of |-inch pipe led from there to the pul- 
someter, where it was reduced to \ inch. Especial care was taken to 
secure perfectly dry steam in the reservoir. Drip cocks on the pipe 
from the boiler and on the reservoir served to drain what water might 
collect before starting. Expansion on passing the orifice served to 
dry, and in some cases to even slightly superheat the steam, as was 
shown by a thermometer in the reservoir. Dry steam was accordingly 
assumed in the calculation whenever superheating was not shown. 

The quantity of steam used was computed by means of the rise in 
temperature of the water. Two Centigrade thermometers graduated to 
tenths of a degree were carefully compared with each other and placed 
one in the suction and one in the discharge pipe. The readings of one 
were accepted as read, and those of the other corrected for observed 
differences in the readings. 

The duration of each test was about 20 minutes, but in every case, 
the pump had been in full operation under constant conditions of lift 
and steam pressure for at least 10 minutes before beginning the test. 
The air valves wer^; set to give maximum discharge for each different 
steam pressure and head on discharge valves. The lift from barrel to 
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suction valves was 4 feet, and was the same on all the tests. Clear 
fresh water at a temperature of about 70" was pumped. 
Results are given in the following table : 
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It appears that for each discharge head there is a certain most 
effective steam pressure, which in general is from 8 to 13 pounds 
higher than the water pressure on the discharge valves. If this is 
exceeded, irregular pulsation will occur, and if greatly exceeded, steam 
will blow continuously into the discharge pipe, and the pump' will fail 
to operate. The effect of too slight an excess of steam pressure and 



The PuLw; 



■ SUf. 



I Pump. 



251 



consequent slow pulsation is indicated in the low efficiency of Test 8, 
caused partly by long contact of the steam with the water, and partly 
by return of an excessive quantity of water through the injection tubes 
during the suction periods. 

The efficiency shown in these tests is lower than those about to be 
mentioned ; but it must be remembered that the pump is a small one, 
and that the cards show an imperfect application of the designer's 
principle, though perhaps as good a one as can be obtained from this 
pump. 

Hartraann and Knoke give results of tests made at Bromberg in 
1886, on a pulsometer of Haussmann's patent. This pulsomtter had 
for a steam valve a metal piston moved horizontal^ from side to side 
by the difference of steam pressure upon its ends which were con- 
nected by small passages to the lower part of the pumping chambers. 
The size of the pump is not stated. 

The results obtained are given in the following table : 
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The intention in these tests seems to have been to vary the 
ibclibn lift and the discharge lift without changing their sum, and 
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so determine the most advantageous height at which to place the 
pulsometer in order to secure most efficient action. This is an im> 
portant question, but it cannot be answered from the results of these 
tests. In the absence of more complete information concerning the 
accuracy with which the measurements were made, it is impossible 
to say what reliance can be placed upon the results. It is certain, 
however, that the heat accounts do not balance well. They were 
computed on the assumption that dry steam was supplied, and that 
the final temperature was 70° F. In these tests, the steam used was 
measured at the boiler, a method which is inexact at its best. 

Tests on a pulsometer with 4-inch suction and delivery pipes were 
made by students of Stevens Institute, under the direction of Profes- 
sor Wood, in 1891, and reported to the American Society of Mechan- 
ical Engineers, The steam used was calculated from the increase in 
temperature of the water. The water pumped was measured by a 
meter. A summary of the tests is given in the following table : 
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Of the first two tests with equal suction lifts, the one having the 
higher discharge lift showed the greater efficiency. Of Tests I and 4, 
with equal discharge lifts, the one having the higher sucition lift 
showed the greater efficiency. Tests 3 and 4 were made with equal 
suction lifts, but in 3 the discharge lift was higher than in 4, and yet 
4 showed the greater efficiency. This was probably due to too. large 
an excess of steam pressure in Test 3. 

At an industrial exposition held at Gorlitz in 1885, a very large 
pulsometer was used to supply water for an artificial cascade. This 
pulsometer, built by a firm of German engineers, wa^ after Hall's pat- 
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Ktern, but had art improved form of steam valve, consisting of a tongue 
P of metal suspended at the top and iree to oscillate through the small 
space between the valve seats. This form of valve was mentioned in 
the discussion of valve action as shown by the diagrams. 

The pumping chambers measured 23 inches in diameter at their 
lower ends, and had each a volume of 3.95 cubic feet, measured from 
the steam valve to the discharge passage. The discharge pipe wa.s 
III feet long, 8^ inches in diameter, and had several elbows. Two 
tests made by Eichler gave the following results : 
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These performances art- considered to be particularly economical 
'Ones, and are doubtless due in part to the immense size of the pul- 
i.someter, although Eichler ascribed most of the gain in efficiency to 
,the favorable action of his pendulum steam valve. In these tests the 
lifts were constant. No greater discharge resulted in Test 2 than in 
Teat 1, although steam of higher pressure was used. It is thought 
3iat the pressure was too high. Attention is called to the excess of 
iteam pressure over water pressure. Hartmann and Knolce state that 
his excess should be at least half an atmosphere, and better still, 
Slree-quarters or a whole atmosphere. This may be compared with 
3ie results obtained at the Massachusetts Institute of Technology. 

Mention, at least, should be made of the Grel valve, an arrange- 
ment sometimes placed in the neck of a pulsometer above the steam 
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ball. Its action is analogous to that of an independe)it cut-ofF valve 
on a steam engine ; it shuts off the steam before the pumping stroke 
is completed, allowing the steam to do work by expansion during the 
remainder of the stroke. This valve is said to effect a saving of over 
25 per cent, in the steam consumption. 

Regarding the relative efficiency of pulsometers when compared 
with piston steam pumps, in spite of what the makers claim, actual 
tests show a very wasteful record for the pulsometers. Eichler's large 
pulsometer at Gorlitz gave the remarkably high efficiency of 2.7 per 
cent., but a good duplex pump of the same capacity, about 1,000 gal- 
lons per minute, may easily return a duty of 28,000,000 foot-pounds 
per 1,000,000 thermal units, which means an efficiency of 3.6 per 
cent. The economy of smaller pulsometers is very much less, though 
of course, they must be compared with the class of piston pumps gen- 
erally used for handling small quantities, that is, with direct acting 
piston pumps which operate their own valves, not with duplex pumps. 

But notwithstanding its wasteful use of steam, the pulsometer is 
well qualified to compete with other pumps for some kinds of work. 
Its entire lack of moving parts or rubbing surfaces is a great advan- 
tage where it must stand rough usage, or where the liquid to be 
pumped contains grit or sand. Equipped with a simpler form of valve 
in place of the rubber discs, it will successfully pump very thick 
liquids or semi-fluids, such as heavy syrups, or even liquid mud. It 
is often used in chemical works and tanneries for pumping corrosive 
liquids. For temporary work in draining excavations, or in emer- 
gencies, such as wrecking operations where a powerful pump must be 
put at work in the shortest possible time, the pulsometer is peculiarly 
adapted, since it requires no foundation whatever, but can be slung 
from a chain and supplied with steam through a flexible hose. 

Boston, 1901. 
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GEOLOGICAL HISTORY OF THE CHARLES RIVER. 



By FRKDtEiICK G. CLAPR 



Tertiary Historv of the Charles Rivkk System. 

Having tleciphercd the geography of the region includetl in the 
present basin of the Charles River as it was at the beginning of 
the Pleistocene period, let ns now endeavor to verify the results 
obtained by going back to the Tertiary period and showing how the 
Pleistocene streams coidd be developed from earlier ones. As this 
period is more remote and of comparatively long duration, and as the 
relics of many of the old valleys have long since disappeared, it is 
obviously impossibSc to trace in detail the changes during that time. 
The best that can be done is to show the most probable changes that 
could bring about Pleistocene conditions. 

I have shown that at the beginning of the Pleistocene period the 
present Charles River was not in existence; but instead, the region 
was drained by a number of streams of varying importance, coinciding 
to a considerable degree with the geological structure. The region 
west of Medway was drained by two main streams flowing south to 
join the Blaclcstone in Rhode Island; the Populatic flowed south from 
HoUiston, and also joined the Blackstone, but farther east ; the 

gistere had its source near the head of the Populatic, but flowed 
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in the opposite direction, to the Neponset, which at that time followed 
approximately its present course to the sea; the Merrimac flowed 
southeast from Lowell to Boston Bay ; the region north of Dedham 
and east of Needham was draintrd by an independent stream, probably 
a branch of the Chark-s ; while the entire area now comprised in the 
Sudbury and Assabot basins was tributary to the Charles, and thence 
to Boston Bay. 

To attain these conditions complex developments were necessary, 
although the changes were probably not so momentous as those shown by 
Professor Crosby to have taken place in the case of the Nashua River. 




The Charles differs from the Nashua in not having such a strongly 
marked and simple valley as the latter. Instead, it is a composite of 
several valleys. While with the Nashua the Tertiary changes were 
the greatest, in the Charles those of the Pleistocene period are found 
to be the most important. The Tertiary changes which did occur 
cannot, however, be neglected here. 

When, at the close of the Cretaceous period, the recently formed 
peneplain was raised gradually out of the sea, its surface consisted of 
unconsolidated Cretaceous sediments which overspread the whole 
region, completely burying the underlying solid rocks. Evidently, 
there was a gradual upward slope inland, and the grade was increased 
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at the time the land was elevated. Therefore, upon this plain, sloping 
to the east and south, a drainage system must have been established 
following the normal seaward slope, and entirely independent of the 
structure of the underlying rocks. This original drainage system 
probably resembled more or less closely the present drainage of 
southern New Jersey. It would be useless to attempt to decipher 
the courses of these oldest streams. The last remnants of their 
valleys have long since disappeared, and they are as likely as not to 
have flowed at some points over the tops of our highest hills. Follow- 
ing the laws of development of streams, main trunks were formed into 
which flowed minor streams, all of which kept continuously at work 
wearing away the land. Thus, in a comparatively brief geological 
time, the Cretaceous sediments were entirely removed, and the 
streams became superimposed upon the pre-Cretaceous rocks of vary- 
ing hardness, in which for a while they continued their work of 
erosion. 

Remnants of some of the valleys formed in the succeeding epochs 
can be seen at present in numerous gaps in the highlands, at present 
unoccupied by large streams. One of these gaps, probably formed 
in early Tertiary time, is the marked line of valley which the old 
Middlesex Canal followed from Lowell to Boston, and which is the 
site of the early Pleistocene Merrimac. This is the most direct 
route to the sea for the Merrimac, and there is no necessity for sup- 
posing that at any time during the Tertiary period it took a different 
course. Another gap, of less extent, lies between Bear and Doublet 
hills, west of Waltham, having a minimum elevation of 160 feet, and 
making a pass two miles wide in the crystalline rocks forming the 
watershed of the Charles at this point. This pass is in line with a 
marked depression extending westward from Sudbury. Several miles 
south of this, across the watershed in the vicinity of Cochituate, is a 
third gap, which below the 200-foot contour is a mile and a half wide, 
and, like the one at Waltham, has a minimum elevation of 160 feet, 
the level of the sand-plain at this point. The topographical map shows 
that this gap is continued eastward through the present valley of the 
Charles between .Needham and Dedham, and thence along Mother 
Brook to the Neponset River. Westward it is continued between 
Nobscot and Green hills to the valley of the Assabet. A fourth line 
of valley extends eastward from the vicinity of Sherborn through 
Millis, Walpole and Norwood, crossing the Charles-Neponset water- 
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level of the 160-foot sand-plain. The high ridge extending 

Bellingham has been already noted. Both east and west 

of this are north-south valleys, pointing towards prominent gaps in 

the southern watershed: one at South Milford, two miles wide 

between the 300-foot contours ; liie other east of Bellingham, and a 

lile wide. Each o( these gaps is in a direct line with the corre- 

inding portion of the Charles to the north, and probably marks the 

if a Tertiary outlet towards Narragansett Bay. As one coincides 

,ctly, and the other closely, with the outlet at the beginning of the 

leislocene period, the streams occupying them, like the Merrimac, 

■obably did not change their courses greatly during Tertiary time. 

'South of the height of land across Foxsboro, Wrentham and Franklin, 

2II drainage was to the south. The streams which formed these 

various gaps are the earliest of which any traces remain, and repre- 

.«ent that epoch when the Tertiary system of drainage had become 

'firmly established in the pre-Tcrtiary formations. 

Some of the streams of that time, like the Merrimac, and the Mil- 
ford and Medway branches of the Blackstone, maintained their courses 
until the Pleistocene period. They flowed across formations of vary- 
ing hardness, but, being beyond the influence of more powerful neigh- 
llmring streams, were not diverted from their courses. For instance, 
the river crossing the Cochituate watershed to the Charles, coming 
from an area of hard crystalline rocks, crossed the softer formations 
in Wellesley and Needham, then flowed over the crystalline area east 
of Needham, reaching the sedimenlaries again in Hyde Park (Plate i, 
ing page 1 73). It is possible that this stream may be the lower por- 
in of the Wachusett River ' discovered by Professor Crosby, who has 
traced its course as far as the Assabet. The discovery of an ancient 
river flowing from the Assabet to the sea makes it a reasonable suppo- 
sition that the two were synchronous, and hence probably the same. 
This stream, coming from a long distance, and having many tributaries, 
must have carved out a broad valley, and appropriated the drainage of 
a considerable area. The upper portion of the Sudbury and its tribu- 
belonged to this system. The valley of the Sudbury north of 
tCochituate is certainly very old, and was probably formed at that time, 
sing tributary to the powerful trunk stream, it could erode its valley 
ly, cutting below the level of the Waltham gap, and beheading 
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the stream occupying it. The lower portion of this beheaded stream 
is represented today by Stony Brook, which has never been of suffi- 
cient size to make a large valley. One of its branches, the infantile 
Charles, flowing northward from Needham through the Boston basin, 
cut backward toward the south, and on account of its location on the 
softer rocks, deepened its valley below that of the east-west stream 
(the possible Wachusett). This river was retarded in its erosion by 
the crystalline areas across which it flowed, making possible its cap- 
ture by the Charles. Thus, except for several minor tributary streams, 
the Tertiary valley between Wellesley and Hyde Park was left dry. 
The valley northeast of Needham was probably formed by a tributary 
to the Charles which cut backward from Highlandville along the slate 
belt to the east. 

The other great Tertiary stream draining the area under considera- 
tion was the Baggistere, which rose in the vicinity of Holliston, and 
flowed east as far as Norwood ; thence it either maintained its east- 
ward direction to the sea along the southern border of the Blue Hills, 
or else turned slightly to the north, reaching Boston Bay through the 
Neponset Valley, along the north side of the range. If it ever flowed 
on the south side of the Blue Hills it cannot have done so for any 
great length of time; for, flowing across the crystalline rocks between 
the Norfolk and Boston basins in the vicinity of Braintree, its down- 
cutting must have been retarded, giving the drainage of the Boston 
Basin an opportunity to cut back southward along the sedimentary 
belt west of the Blue Hills and to capture the Baggistere. 

Whether or not such a capture took place, the Neponset Valley, 
as is shown by its great size, was at an early date occupied by a large 
stream. The Neponset River, flowing entirely upon the sedimentary 
rocks, was able to cut back its valley for a considerable distance, the 
limit probably being reached in the vicinity of Norfolk, where, as 
indicated by the topography, a tributary of Narragansett Bay had its 
source. At first the south-flowing streams in this vicinity may have 
run directly across the crystalline area between the Norfolk and 
Narragansett basins ; but in time they must all have been diverted 
to the easier outlet through the connecting pass at Wrentham. 
Thus the Norfolk basin became occupied by two main streams, flow- 
ing in opposite directions from the watershed at Norfolk. The minor 
streams having their sources on the large crystalline area to the north 
then so adjusted themselves as to take the most direct courses to the 
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main streams in the basin. It is probable, however, that little adjust- 
ment was necessary, as the basins lay directly across their seaward 
paths. 

It certainly does not appear that any simpler sequence of events 
than those outlined above could have brought about the conditions 
which existed at the beginning of the Pleistocene period, and 
undoubtedly the Tertiary changes were much more complex. But 
we have found that the preglacial streams deduced from present con- 
ditions correspond closely with those derived from the most probable 
development of the Tertiary drainage. 

Lake Charles. 

At the beginning of the Pleistocene period occurred the great 
elevation of the land which is regarded as the cause of the great Ice 
age, during which a mantle of bowlder clay, or till, was spread over the 
surface of the land. As the till, in most places, makes but a thin 
covering over the underlying rock, an occurrence of the former is 
usually a fairly good indication that rock exists at no great depth 
below. This is not a necessary conclusion, however, for valleys have 
frequently been found which are filled with till to a considerable 
depth. And in some cases drumlins lie directly in the path of a pre- 
glacial valley or gorge. As examples in this region we have Milton 
Hill in Milton, and Fairmount in Hyde Park. Either North Hill in 
Needham or the drumlin just east of Wellesley must also overlie a 
buried gorge. 

With the subsidence of the land at the close of the Glacial epoch 
came the melting of the ice-sheet and the release of great volumes of 
water, which collected south of the receding ice-front in glacial lakes. 
In basins where the preglacial drainage had been to the north, the 
water-parting on the south naturally formed the southern barrier of 
the glacial lake. But in the basins of the Upper and Middle Charles 
the greater part of the preglacial drainage was southward. In these 
cases, at times when the ice-front rested at narrow portions of the 
south-sloping valleys, the detritus-laden streams from the ice-sheet 
formed apron-plains of sand and grav^el, which completely closed the 
valleys and presented an effectual southern barrier to the glacial 
lalce. 

Lake Charles, being retained on the south by the frontal plains 
an3 the intervening highlands, and on the north by the high ice-front. 
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necessarily overflowed through the lowest pass in its southern water- 
parting. As the ice receded northward, lower and lower passes were 
uncovered in the southern and eastern sides of the basin, serving as 
successive outlets for the lake, and allowing the water to fall each 
time to a lower level. Each stage of the lake is characterized by 
extensive deposits of modified drift, the maximum elevation of each 
coinciding approximately with the level of the lake during that stage. 

Bellingham Stage. — During its history, Lake Charles had twelve 
distinct outlets, two of which coincided with outlets of glacial Lake 
Neponset (Plate 4). The stages are less in number than the outlets, 
however, for during the earlier history of the lake each stage had sev- 
eral outlets at or near the same level. Thus the two outlets in the 
vicinity of Bellingham and those southeast of Franklin have all an 
elevation of about 240 to 260 feet, as shown by the contours. The 
stage of the lake corresponding to these outlets may be called the 
Bellingham stage. 

The shore line of the lake at this time was in the vicinity of the 
260-foot contour, and extended up the main valley as far as Milford, 
and up the valley of Hopping Brook two miles beyond Braggville. 
Down th6 valley it extended to near North Bellingham. Bear Hill 
and several smaller prominences rose as islands in the lake. The 
greatest depth of water was about 60 feet, in the vicinity of Crimp- 
ville. The outlet showing the best developed frontal plain is about 
half a mile wide, and situated midway between Unionville and Belling- 
ham. At this point the steep and irregular ice-margin can be seen 
on the north, while in the other direction there is a long gradual slope 
to the southward. During this stage the water of the lake reached 
the sea through the Blackstone by way of Abbot's, Peters' and Mill 
rivers. 

South of Franklin, at the margin of the area occupied by the 
Bellingham stage, and about 80 feet above the level of the water at 
this time, is a small area of modified drift about a mile and a half 
long, with an elevation of over 340 feet. This area presumably marks 
the site of a marginal lakelet, which was formed while the valley to 
the south was still occupied by ice. It must represent the true begin- 
ning of Lake Charles. During the decline of the Ice age such mar- 
ginal lakelets were numerous, most of them, however, being of small 
size. 
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Wrentham Stage. — Simultaneously with the BelUngham stage 
was the Wrentham stage, during which the ice in the region east of 
Franklin was disappearing. In this area there are four outlets, three 
of which are south of Whiting Pond, and the fourth just south of the 
Pinnacle. According to the topographical map, these outlets vary in 
elevation between 240 and 280 feet ; but, like the Bellingham and 
Franklin outlets, they should probably all be referred to a single stage 
of the lake, the average elevation of which was near the 260-foot 
contour. The drift deposits show that on the west the shore line 
extended north to the vicinity of City Mills, and on the east to the 
southern part of Norfolk. There were several islands, one east of 
Franklin, a second east of Marsh Pond, a third southeast of City 
Mills, and two small ones south of Whiting Pond. The best devel- 
oped deposits, so far as observed, are the Wrentham plains. Whiting, 
Archer's and Marsh ponds are kettle holes in these plains. The 
valley of Mill Brook was occupied by a lobe of ice, as is shown by the 
fact that the deposits referable to the next lower stage extend as far 
south as Whiting Pond. Plate 4 shows that the northern boundary 
of the deposits of this stage has a northwest-southeast trend, indi- 
cating that this was the direction of the ice-front. The same is true 
of the deposits formed during all the later history of the lake, showing 
that the ice disappeared faster from the western than the eastern part 
of the region. 

CliarU'S'Ncponset Stage. — The continued recession of the ice 
during the Bellingham and Wrentham stages finally opened a passage 
to the cast along the north end of the ridge north of Foxboro, and 
Lake Charles then became confluent with l!«dce Neponset. Probably 
about the same time the gap at Medway was opened, and the portion 
of the lake to the west became connected with the main body of 
Lake Charles. The development of the Neponset lake had been 
going on simultaneously with Lake Charles, and the ice had by this. 
time receded far enough north to open the Stoughton outlet, at an 
elevation of about 200 feet. This, being lower than any hitherto^ 
Uncovered pass in either lake, became the sole outlet for the confluent 
lakes. During this stage Lake Charles-Neponset probably occupied 
its maxinutm area. The Stoughton outlet must have continued in use 
for a relatively long time, while the ice was receding from the large- 
area between Norfolk and the northern part of Sherborn in t-he- 
Charles basin, and between Canton and the Blue Hills in. the 
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Neponset basin. A comparison of these areas (Plate 4) again shows 
evidence of a more rapid retreat of the ice in the west than the east. 

The deposits of this stage extend below the 2CX>-foot contour up 
the valley of the Upper Charles beyond North Bellingham, along Mine 
Brook as far as Unionville, and in the valley of Mill Brook into the 
basin of Whiting Pond. Northward they extend through the pass 
north of Holliston occupied by the Boston & Albany Railroad, 
nearly to South Framingham, and east of Sherborn to the vicinity of 
Farm Pond. The pass west of Snow Hill, in Dover, must have been 
occupied by a shallow arm connecting the main lake with a bay to the 
north, as is proved by the deposits of modified drift at this level in 
the valley of Trout Brook. From the Neponset basin an arm 
extended north from Norwood, across West wood to beyond Fox Hill. 
The presence of 200-foot deposits west and north of Great Blue Hill 
shows that while this area was covered by water the Monatiquot 
outlet was still blocked by ice on the east. Between Walpole and 
South Walpole, on the divide between the Charles and Neponset 
basins, extensive sand-plains were deposited, blocking the preglacial 
valley. During this stage the greatest depth of water in the Charles 
basin was about 100 feet, in the vicinity of Medfield, and in the 
Neponset basin, nearly 140 feet. Noon, Nason, Paul, Pine and Castle 
hills, besides many smaller areas, formed islands. 

Sudbury-CharleS'Neponset Stage. — With the disappearance of the 
ice from the valley of the Monatiquot River, an outlet was opened 
along the south side of the Blue Hills, at a level of about 160 feet, 
allowing the lake to overflow to the east, into Lake Bouv6,^ which at 
that time had a level of about 120 feet. During this stage the Charles 
and Neponset lakes were confluent at two points : first, through a 
narrow pass, perhaps not over 500 feet wide, between the valley of 
Mine Brook in Walpole and Stop River in Medfield ; and second, at 
Dedham, where the pass was nearly two miles wide. Lake Charles 
was also confluent with Lake Cochituate and Lake Sudbury. The 
water overflowing through the Monatiquot was not only that due to 
the melting of ice in the Charles-Neponset region, but also that of a 
large area to the west. At this time the ice-front in the Nashua 
Valley probably stood in the vicinity of Clinton, and the outlet of 
Lake Nashua was through the pass at South Clinton into the valley 



'A. W. Grabau: Lake Bouvtf. Occasional Papers, Bos. Soc Nat. Hist, Vol. IV, 
P'- 3. PP- 554-600. 
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of the Assabet River and thence to Lake Sudbury.^ Thus the drain- 
age of the entire area within the watersheds of lakes Nashua, Sudbury, 
Charles and Neponset was at this stage tributary to Lake Bouv^. 

The plains at this stage of the confluent lakes are by far the best 
developed of any stage. The broad deposits in Medficld, Millis and 
Medway, as well as those in Welleslcy, Needham and West Roxbury, 
were formed at this time. In Newton they are developed as far north 
as the Boston & Albany Railroad. E.xtendlng from Brighton west- 
ward along the line of the railroad into Weston is a well-developed ice- 
contact slope, which marks the northern limit of the lake at this stage. 
West of Needham and Sherborn the plains extend through Wellesley, 
Natick and Framingham, across the Cochituate water-parting to the 
valley of the Sudbury, where an extensive series of the same general 
elevation is found, extending even down the valley of the Concord 
River into Bedford and Billerica. Between Brighton and Hyde Park 
there is a satisfactory eastern Jand barrier for the lake (Plate 4), but 
the absence of such a barrier in the northern part of Newton, and 
again in Dedham, together with the characteristic ice- margins found 
in those places, indicates that while on the west the ice had retreated 
as far north as Billerica, it still occupied Boston Bay and a large part 
of the Boston Basin. 

Lake Shawmul. — When the region directly north of the Blue 
Hills was finally uncovered, the passes in East Milton and West 
Quincy were opened, and the lake fell to still lower levels, first to 
about 70 feet, and later to about 50, corresponding to successive 
levels of Lake Bouv^. Still later the water stood at about 20 feet 
above the sea. Plains of these elevations are found in Newton, Wat- 
tham, Watertown, Boston, and in the valley of the Mystic River. 
To these lower stages of the combined lakes, entirely within the 
Boston Basin, Professor Crosby has given the name Lake Shawmut. 
To this body of water the lakes occupying the valleys of the Concord 
and Shawsheen rivers were tributary along the line of the Middlesex 
Canal and the ancient course of the Merrimac. When the ice finally 
retreated from the land on the southern side of Boston Bay, Lake 
Shawmut fell to sea level and disappeared. 

PosTtiLAciAL Development of the Charles River. 
During the time when the ice was retreating from the region and 
the glacial lakes were falling successively to lower and lower levels, 
* W. O. Crosby : Geological Hislory of ihc Nashua Valley, 1. <-. p. 318. 
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new streams and drainage systems were gradually developing upon the 
land surface recently uncovered. The drift dt-posits had so changed 
the character of the topography, however, that the streams rarely 
resumed their former courses, the principal factor in reversing the 
drainage in the Upper and Middle Charles being the formation of 
the apron-plains which blocked the south-sloping valleys, and thus 
formed a new water-parting, north of which all drainage must be 
northward. As Lake Charles fell from stage to stage, all the outlets 
<.in rile suiilh and cast were in turn abandoned, so that when the lake 




finally completely disappeared from the basin of the Middle Charles, 
the new river had to take possession of the lowest outlet to the north, 
the pass midway between Medfield and Natick, through which it now 
flows. 

North of Natick the new Charles reaches the valley of the old 
river, which, however, between Cochituate and Needham, has been 
blocked by the extensive sand-plains, forcing the new Sudbury to find 
an outlet to the north. The Charles, below South Natick, is forced 
to find a channel for itself along the southern border of the Needham 
plain, until it emerges, at Greendale, into another preglacial valley, 
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The circuitous course by way o£ Dedham, in place of the more direct 
one along Line Ditch, must have been caused by mere chance. 
Again, at Highlandville, the blocking of the preglacial valley by the 
sand-plain caused the river to deviate from its course, so that it now 
flows over solid rock at Newton Upi^cr and Lower Falls, where it is 
still carving its gorges. 

The characteristics of the drift deposits above the Upper Falls — 
irregular deposits, extending far out into the marsh — ^make it prob- 
able that there has been little postglacial erosion there. But at | 
Newton Lower Falls the erosion slopes show that the sand-plain f 
originally extended entirely across the valley, at a height of about 1 
60 feet above the present river (Figure 17). When the stream first ] 
look this course, the plain acted as a barrier, which formed a lake ' 
between the Upper and the Lower Falls. In cutting down the outlet 
the present gorge was formed, and the river superimposed upon the 
bed-rock below, over which it now flows. During the development of 
the river several similar lakelets existed at different parts of its course. 

CON'CLLtSIOK. 

Having accomplished the first four of the five purposes stated in 
the introduction, it only remains *for us to consider the fifth- — to 
determine to what class of rivers the Charles belongs. Professor 
Davis has defined^ several tyi>es, as follows: — 

"An original river is one which first takes possession of aland 
area, or which replaces a completely extinguished river on a surface 
of rapid deformation. 

"A river may be simple, if its drainage area is of practically one 
kind of structure and of one age. ... It may be composite, when 
drainage areas of different structure are included in the basin of a 
single stream. , . , 

" A compound river is one which is of different ages in its different 
parts. . . . 

"A river is complex when it has entered on a second or later 
cycle of development." 

We have already seen that our river taken as a whole is in a very 
youthful stage, having been formed by the filling with drift of several 
ancient valleys, formerly entirely distinct, and the development of 
their postglacial drainage into a single river system. Evidently, 

•W. M. Davis: Rivera and VaUtys of Penn., Nat. Geog. Mag., Vol. I, p. 218. 
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different portions must be placed in diflferent classes, according to 
their respective histories. That portion between the source and 
South Milford is certainly original^ but it is the only part of the river 
which can be called original. Certain portions taken separately are 
simple^ but as a whole it is composite ; for, as has been shown, such 
regions as those of the Middle Charles and the Boston Basin are 
entirely different in structure. Again, the river is compound^ for its 
different parts differ greatly in age. As examples, may be noted the 
contrast between the topography of the Medway gorge and the valley 
of the Middle Charles, between the valley south of Needham and that 
north of the town, or between Hemlock Gorge and the basin to the 
southeast. All this shows that, throughout its course, the Charles is 
very complex. At several points it is a superimposed stream, as at 
Medway and again at Newton Upper and Lower Falls. Finally, as 
to whether it belongs with consequent or antecedent streams : — Powell 
has defined ^ the former as those whose courses are " consequent upon 
the constructional form of the land ; *' and the latter, as those which 
persist in their courses after a change by which others are destroyed. 
The Charles has entirely lost its consequent character. Parts of it, 
however, may be said to be antecedent, among these being the portion 
between Riverside and Boston, which occupies essentially its pre- 
glacial course. 

From the foregoing general statements it is evident that tha river 
as a whole cannot be placed in any one class, but that in studying it 
each portion must be classified according to its own characteristics. 
It is a stream occupying portions of several ancient valleys, which, 
having been obstructed by the drift of the ice age, have become con- 
nected by new channels, which now unite them into a single complex 
basin, in which flows the present peculiar and meandering river.* 
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A LOGARITHMIC THREE-VARIABLE DIAGRAM FOR 
DA TA OF THE FORM oT V c^ = k. 

Illustrated by the Law for Perfect Gases, PV=^ RT^ with Diagrams for 

Various Gas- Engine Cycles. 

By HARRISON EVERETT ASHLEY. 

Graphic representation is the most successful way of preparing 
complex data for mental assimilation, and graphic processes displace 
many tedious calculations. The equilateral triangle, in which the sum 
of the perpendiculars from an included point to the three sides is a con- 
stant, has been used by Professors J. Willard Gibbs,^ R. H. Thurston,^ 
H. M. Howe,8 C. R. A. Wright,* H. W. Bakhuis-Roozeboom,^ W. D. 
Bancroft,® Hector R. Carveth,^ F. A. H. Schreinemakers,® and others 
to show the variation of some physical property with variation in 
chemical composition of mixture of three chemical substances. 

Professor Ernest A. Hersam® has shown very ingeniously how it 
may be used in the calculation of slags of three or four constituents. 
In the course of his discussion he says that a right-angled triangle 
may be used instead of the equilateral triangle, and ** possesses some 
advantages in construction .... but the lack of symmetry and 
some other disadvantages make these departures generally less satis- 
factory for varied work." 
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Before seeing his paper, the writer of the present article had well- 
nigh completed a paper on " Slag^ Constitution, Studied by Means of 
the Tri-Axial Diagram with Rectangular Coordinates,"^ in which the 
application was extended from the case a-\-b-\-c'=-k\.o the more 
general case ma -^ nb -\- pc ^ k. where m, », and p are any positive 
or negative, integral or decimal, real coefficients. The discussion was 
as follows : 

"The tri-axial diagram is applicable only to the case of three vati- 




ables whose sum is a constant, that is, to two independent variables. 
For example, if an alloy of tin, copper, and zinc be assumed to con- 
tain 15 per cent, of tin and 80 of copper, the percentage of zinc must 
be 5, the difference between 15 + 80 and 100, When the percent- 
ages of tin and copper have been fixed, that of zinc cannot be varied. 
But two independent variables can be shown by the common diagram 
with rectangular coordinates. A diagram showing only tin and copper 
percentages will serve to illustrate all the properties of the ternary 
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'bronze. Why use, then, the inconvenient oblique equilateral triangle 
diagram, when results can be plotted with comparative ease on ordi- 
nary cross-section paper, with rectangular coordinates, in an erect, 
right-angled triangle ? Moreover, it is possible to read off from such 
a plot the third or dependent variable. 

"In Figure i, let any vertical line (as EK =^ OB) represent lOO 
per cent, of whatever mixture is under consideration, say tin-copper- 
zinc. Further, let the lower part (EP) of 
the line represent per cent, of tin, the upper 
part {GK) represent per cent, of zinc, and 
the middle part (PG), per cent, of copper. 
Then arrange the vertical lines along OX so 
that the abscissae also shall represent the 
percentage of zinc, (/. r., OE = percentage 
of zinc). We have now the per cent, of 
zinc represented by two separate means, 
one of which is superfluous ; and we may 
accordingly dispense with the upper part of 
each vertical line, reducing the diagram from 
a rectangle to the triangle A OB, For any 
Log I point P, the abscissa {DP = OE) represents 

per cent, of zinc ; the ordinate (PE = OD) 
represents the per cent, of tin ; and the 
distance along the vertical line {PG) to 
the hypothenuse AB represents per cent, of 
copper. The scales for the two quantities 
measured along the vertical lines are from 
the nature of the case the same, while the 
scale for the quantity measured by the 
abscissae is the same as for the other two 
only in the case of the isosceles right-angled triangle. It is desirable 
to have all three variables plotted to the same scale. 
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Fig. 2. — Deri STATION of the 
Logarithmic Three- Vari- 
. ABLE Diagram. 



" It is evident that the same principles may be applied to plotting 
data of the forms a -}- d — c = k and a — 6 — r = >&, or in general, 
of the form ma + «^ + A = ^» where m, n, and / are any positive or 
negative, integral or decimal, real coefficients." 

It soon occurred to the writer that this principle might be extended 
to data of the form a*^ l^ c^ = k^ by taking logarithms ; thus 
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M log a + « log b •\- p log c = log *j ■=■ k, which is in the fonn already 
discussed. Since the logarithm of a variable factor may vary from 
+ 00 to — 00, any logarithmic three- variable plot is only a limited por- 
tion of an infinite diagram. 

The case of a perfect gas {PV= RT) will be used to illustrate 
the application of these principles. The following values, which are 
of suitable magnitude for ordinary gas engine practice, will be used to 
determine the constant R in the equation: Pressure {P) ^ 14.6967 
pounds per square inch, volume (V) '^ 100 cubic inches, temper- 
ature (7") ^ 520°. 66 Fahrenheit, absolute, corresponding to 60" F., 
common scale ; from which A' = 2.823 7. Taking logarithms, log P + 
log J'^ log R + log 7", or 1.167 220(pj-f- 2.000000,;., = 0.450 666(«) 
-|- 2.716 SSMty ^" Figure 2, the method of plotting is shown for a 
single vertical line. In Figure 3, the vertical lines are arranged with 
; temperatures as abscissa;. Since log ^ is a known constant, and 
I log 7" is now shown by the abscissas, the left hand part of Figure 2 
I becomes superfluous, and only P and Kare given for the verticals here- 
[ after. In Figure 4, instead of giving the actual logarithms, there are 
Igiven the corresponding natural numbers. The diagram will present 
■ no inconvenience to anyone familiar with logarithmic plotting paper 
I or with the slide rule, and no serious difficulty to anyone else, though 
the crowding of lines representing high values will at first seem pecul- 
iar. The use of natural numbers in the diagram obviates the necessity 
in computations of a double change, from numbers to logarithms and 
I t>ack again. 

Since by the construction of the diagram the temperature is con- 
fstant along a vertical line, all isothermals {PV^ P, V^ are parallel 
straight lines. 

Referring to Figure 2, it is seen that the algebraic length of the 

verticals varies proportionally to the logarithm of the temperature. 

^k Consequently on Figures 3 and 4, where abscisssc ^ log temperature, 

^H Buy basal log P line is a straight line, and all lines of equal pressure 

^B '{fsopiestic, VT-^ ;= fj T^~^) are parallel straight lines. 

^1 In Figures 3 and 4, the line AB represents an adiabatic compres- 

^^ sion from the original volume of 100 cu. in. to a volume of 10 cu. in. 

The adiabatic is a straight line. This was experimentally proved by 

taking at random an intermediate volume and calculating its pressure 

and temperature, with the results given in the following table : 
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Log absolute Temperature, degrees Fahrenheit (horizontal scale from right to left). 



a.6 



Fig. 3. — Properties of a Perfect Gas; Logarithmic Diagram, Logarithms. 

Based on loo cu. in. at 60^ F. and 14.7 lbs. absolute pressure. Adiabatic curves are an] 

straight lines parallel to AB. Verticals are isothermals and lines of constant energy. 

Energy is given by intersections of line ICL with the verticals read on left*hand 

scale. (See footnote, p. 281). 
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PoinU 
log/* 

log V 

log T 



A. 
1.167 220 

2.000 000 

2.716 554 



Tangent of line connecting A and C = 



C. 
1.869 720 

1.500 000 

2.919 054 

1.500 000 — 2.000 000 
2.919 054 — 2.716 554 



• B. 
2.572 220 

1.000 000 

3.121 554 

— — 2.469 14. 



Tangent of line connecting C and ^ = UXX) 000— 1.500 000 ^ _ 2.469 14. 
* ^ 3.121554 — 2.919 054 

Now the point C was chosen at random, and the line is shown to 
have the same direction both sides of it ; consequently it has the same 
direction throughout, and is a straight line. 

To find the relation between different adiabatics, the following was 
chosen at random and computed : 



Point, 
log/* 

log V 
log T 



D. 
2.103 879 

1.698 970 

3 352 183 



E. 
0.275 932 

3000 000 

2 825 266 



Tangent of line connecting D and E = 



1 698 970 — 3 000 000 
3.352 183 — 2 825 266 



= — 2 469 13. 



I. e,y the line DE is parallel to the line AB, But DE is any adiabatic; 
therefore, all adiabatics ( P V'-^^ = P^ V^^^^) are parallel straight lines. 

In exactly the same manner, it may be shown that any other 
curves of the form PV* = P^ V{* for any given value of n are parallel 
straight lines. In Figure 3, the line FG H is a line of the form 
pyis = p^ Fi^'^. Another line of the same form passing through A 
was computed, and had the same tangent. 

Accordingly all the common gas engine diagrams may be represented 
by straight lines. 

A construction giving the inclination for any required exponential 
equation of the form PV*^ = -^1 ^1" "^^Y ^^ derived from the follow- 
ing considerations : 

According to Peabody, Thermodynamics (1898), p. 69, the expo- 
nential equation involving volume i^o) and absolute temperature (T) is 



Tv'*~' = T'^v^~ 



^^i«-', or {—\ = 



'_ T^ 



Taking logarithms : 

n — I (log V — log v^ = log 7\ — log 7; or 
^ _ J ^ log T^ — log T 
log V — log Z/j 
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If we consider compressions from v = 100 to t'j = 10, the denom- 
inator of the above fraction becomes unity, and the equation : 
« — I ^ log Tj — log T. 

To apply this construction to Figure 3, let us suppose the inclina- 
tion is desired of curves for which h = i 43. For point A (volume 
100) the log temperature (71 is 2.716 554 2. Add 0.43, and we get 
log temperature {T^) 3.146 554 2, corresponding to volume io. We 
thus have two points giving the required inclination. 

Since entropy is constant along an adiabatic, a scale of entropy 
may be added to the diagram by drawing a proper series of adiabatics 
(not done in this paper). 

Isothennals are considered also lines of constant energy, and 
energy considered proportional to the temperature. It is, however, 
undesirable to confuse the diagram by the addition of a separate scale 
of energy, and the same end is accomplished by drawing the line KL 
intersecting the verticals in such positions that the intersections read 
off on the scale of volumes give a scale of energy. Referring to Pea- 
body, Thermodynamics (189S), p. 68, the intrinsic energy of a perfect 
gas, 

E= -1^!— ft. lbs., 

K I 



Where / ^ lbs. per sq. ft., and v =^ cu. ft. This may be altered as 
follows : 

E= /* X 144 X p 
(1.405— I) 1728' 

where p = lbs. per sq. in., and v = cu. in. Then, by the gas law, 
I jn'^RT, 

E— ^ ^ — — -^ 

~ .405 X 12 ~ .405 X 12 



T, 



where for deriving R, p =^ 14.7 lbs. per sq. in., v = 100 cu. in., and 
T-=- absolute temperature in Fahrenheit degrees. Simplifying, E ^ 
0.580 So 7" for that quantity of gas that measures 100 cu. in. at 60° F. 
and 14.7 lbs. per sq. in. absolute pressure. 

While the diagrams so far given apply only to a certain definite 
amount of gas which is acted upon, acts, and is completely expelled at 
the end of the cycle, it is the case in practice that a variable clearance 



278 



Harrison Everett Ashley. 



K=i 



K=IO 



K=ICO 



F= 1000 



^"=10,000 




1^ Atmosphere, d— nince < 
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P=i I, dearanoe o. cii. 



^ " " lO " 
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lo • 



ao •' 



Etc 



T=ziooo 



T "=• looo 



7"= 5CX) 



Fig. 5. — Diagram Allowing for Variation in Clearance. 
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occupied by an inert gas must also be considered. This may be pro- 
vided for by a modification of Figure 3 or 4. 

Referring to Figure 2, suppose we take an initial volume of 1 10 
ciL in. corresponding to 100 cu. in. piston displacement and 10 cu. in. 
clearance, the effect will be to increase f^and R, On Figures 3 and 4 
this might be shown by another P '=■ \ line still lower down on the 
diagram. The volume and temperature lines would be unchanged, but 
all the pressure and the energy lines would have to come down, the 




Sncffsy. 



Atroorpheric preMore. 



• Original volume. 



Original temperature. 

Fig. 6. — Diagram for Ordinary Gas-Enginb Cyclk. 

former an amount equal to the difference between the two P = i lines. 
As indicated roughly in Figure 5, a series of -P = i, atmospheric, 
other pressure, and energy lines might be drawn corresponding to con- 
venient clearances. In using such a diagram to find the properties of 
any point A with a clearance of, say, 10 cu. in., read off volume and 
temperature as usual, energy from the intersection of As ordinate with 
the line energy, clearance lO cu. in., pressure by taking with dividers 
the distance along A's ordinate from A to the line P = i, clearance 
10 cu. in,, then putting one point of the dividers on the line F= I 
whereupon the other point will reach down to some volume, say, 
r= 9 ; then P is 9 for the point A ; for P and V are measured to 
the same logarithmic scale. 
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Diagrams will now be shown for several types of gas engines, 
giving the changes of a fixed quantity of gas. The arrows show the 
directions in which the variables increase in magnitude. 

The ordinary cycle, Figure 6 : A, drawing in of charge, no change 
of properties. AB^ moderate compression ; temperature, energy, and 
pressure increase ; entropy (measured by distance between adiabatics) 
varies little or none ; volume diminishes. BC^ ignition ; volume con- 




Snergy- 



Atmospheric preararc. 



Original volume. 



Original lemperature. 

Fig. 7. — The Dieskl Motor Diagram. 

stant, pressure, temperature, energy, and entropy increase. CD^ ex- 
pansion ; entropy varies little or none ; volume increases ; pressure, 
energy, and temperature fall. DE, adiabatic release into the atmos- 
phere ; volume becomes greater than that of the cylinder ; DE makes 
an angle with CD if CD is not an adiabatic ; pressure falls to atmos- 
pheric ; entropy remains constant ; energy and temperature fall. E 
removal of waste gases ; no change of properties. The energy devel- 
oped by combustion is the difference between the abscissae for the 
vertical lines through B and C ; the energy rejected, minus the original 
energy of the gas is the difference between D and A} This is 

' Energy and temperature, which are considered proportional to each other, are constant 
along the ordinates. Energy, measured by abscissae, would be most easily represented by a 
horizontal scale, but I wished to reserve that means to show temperatures, so drew the line 
KL intersecting volume scale and undrawn energy scale of tht .same numerUai vtUue, 
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probably always less than the difference between B and C, since the 
higher values are closer together in the logarithmic diagram. 

It is evident that one aim of gas-engine design should be to get D 
(release) and A (charge) as close together as possible, and so reduce 
the energy loss. This is done in the Diesel motor (Figure 7)' by 
extreme compression, the energy imparted by ignition {BC) is not 
diminished, but owing to its logarithmic position the diagram is nar- 
rowed, and ZJ approaches A. With an infinite compression AB and 
CD would coincide, and all the energy of compression and ignition 
would be given up in the expansion CD.^ 

Another device is expansion to atmospheric pressure {Figure 8). 
The difference in energy between F and D is saved; D and E coin- 
cide ; the energy between E and A is still lost. There is not, as is the 
case with the Diesel motor, any possibility of complete utilization of 
the energies of compression and ignition. As the compression is in- 
creased with this type, the diagram is narrowed and the gain due to 
the increased expansion falls off (i, e., the energy abscissas of Fand D 
approach equality). 



I 



I 



' The Diesel motor cycle cannot ^tciclly be represented by rny diagntn j since, after com- 
pression the amount of matter in the cylinder is increaaed by the injection of oil. and my 
diagram requires a 6ied quanlily of matter. Figure 7 shows correctly how Ihe hifth com- 
piosion of the IJiesel motor produces economic results. Compare the discuniou of a paper 
by Eddy, "A New Graphical Method o( Constructing (he Entropy Temperature Diagram 
of a Gas or Oil Engine from its Indicator Card." (7>fl«J Atn. Sot. Mich. Sng., 1900, 
pp. 375-391,) 

'To give an illustration of the gain in eiliciency from using high compression, the fol- 
lowfng case has been worked out from a smaller plot than the original of Figure j, using a 
lo-inch slide-rule to convert numbers to and from logarithms. Suppose 100 cu. in. p^as to be 
compressed adiabatically to lOD, 70, ao, 10, or o cu. in., and then to receive an increase in 
teinpciature (energy is considered proportional to temperature) of 1,100° F. (a very small 
value) in each case, and expand adiabatically to original volume. The tesulla would be as 
tabulated below, and these may tie verified in Figure 4. 
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An expansion to original temperature (G^, Figure 8) would indeed 
utilize all the energies of compression and ignition, but a vacuum-pro- 
ducing device, like the condenser of a steam engine, would hardly give 
the good results obtained in steam engine practice. 

The difference of intrinsic energy of two points on a compression 
or expansion curve is not a measure of the external mechanical work 
done by the gas in an engine cylinder in passing from one of the con- 



£neiKy. 




Original umpcrature. 

Fig. 8. — Diagram Showing Complete Expansion. 



ditions to the other ; for the gas may transform or fail to transform 
into mechanical work energy received from or lost to the cylinder 

walls, etc. 

A plot about 1 6 inches square containing the upper part of Figure 
4, on a scale of 5 inches = change of i.ooo in log volume, will give 
with fair precision three significant figures, sufficient for many ordi- 
nary purposes. A scale of 10 inches = change of i.ooo in log vol- 
ume is more easily read and preferable. Ordinary logarithmic plotting 
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2S3 



I 
I 

I 



- 100 may be used, but I think it better to have 
1 Figures 3 and 4, at twice the logarithmic scale 



paper of the size i - 
the temperatures, as 
of the volumes. 

Given this plot (Figure 4) and a little careful instruction, a man 
knowing nothing of algebra, logarithms, calculus, or thermodynamic 
equations ought, in the opinion of the writer, to be able to figure 
gas-engine design intelligently. The preceding discussion is not, 
however, very well adapted to his enlightenment. He needs 
directions, not derivation. 

While this paper has discussed a logarithmic three- variable diagram, 
other functions may be plotted whenever the expressions can be put in 
the form of three simple quantities whose algebraic sum is a constant, 
e.g., tan a + log tan ^ + /£ = k\ etc. 

The method of plotting is much better adapted to exhibiting, cal- 
culating, or verifying data following known laws, than to deriving for- 
mula from experimental data. As a method of deriving formuljc, the 
best thing that suggests itself to me is a soft board and a box of pins, 
each bearing a label. On each label is put the data corresponding to 
some one condition experimentally determined. The pins arc distrib- 
uted upon the board in such manner, if possible, that each variable 
varies continuously. If this succeeds and suggests a formula, the 
formula may be tested by a plot. The size of the triangle between 
the lines representing the experimental determination of some one 
condition is an indication of the variation of the data from the assumed 
law, and may or may not suggest modification of the same. 



Summary, 

The tri-axial diagram with rectangular coordinates may be used 
to plot data of the forms ma -\- ni -{- /c ^ A, and a" Ifc* = k where 
w, n, and / are any positive or negative, integral or decimal, real 
numbers. 

For perfect gases, one plot will give with no confusion, pressure, 
volume, temperature, entropy, and intrinsic energy. 

All the lines used in ordinary gas-engine diagrams are straight 
lines on such a diagram. 

A diagram may be made that will allow for the effect of varying 
clearance. 
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The conditions for economy from using compression, expansion 
to atmospheric pressure, and expansion to original temperature are 
sharply defined, and their mutual relations made apparent. * 

A man with no knowledge of algebra, logarithms, calculus, or ther- 
modynamic equations can, the writer thinks, by means of the diagram, 
design gas engines intelligently. 

The method may be extended to other than logarithmic functions. 

The method can probably be used in deducing formulae for the 
results of experimental determinations. 
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METHOD OF CALIBRATING TURBIDIMETERS. 



Bv GEORGE C. WHIHPLE akd DANIEL D. JACKSON. 

The Section of Bacteriology and Chemistry of. the American 
Public Health Association at its annual convention, held at Buffalo 
in September, 1901, adopted the report of progress nf the Committee 
on Standard Methods of Water Analysis. This report included the 
recognition of the Silica Method as an official standard for estimating 
the turbidity of water. It does not imply that direct readings upon 
the silica scale shall be made always, but that, whatever method is 
used for the measurement of turbidity, the results shall be reduced 
to this scale and expressed in terms of silica in parts per million. 
Observations which have been made with the diaphanometer, or turbid- 
imeter, and expressed according to some form of reciprocal scale 
ought hereafter, if the action of the Section is followed, to be 
expressed according to the silica standard. Hence, for convenience 
these instruments should be graduated in parts per million of silica. 
As the authors have been asked several times to explain the method 
of calibrating a turbidimeter, it has been thought best to put this 
explanation into permanent form in order that it may be available 
for future reference. 

The use of the diaphanometer has been described by Hornung,' 
Parmelee and Ellms^ and by the authors.* 

The essential parts of the instrument are shown in Figure i. They 
consist of a vertical tube for holding the sample, which has opaque 
sides and bottom, save for an opening at the bottom in the form of a 
cross, through which light may enter ; a standard source of light. 



' George Hornung : Diaphanometer fur Measuring Ihe Trajigparency oi Water. A paper 
read before the Engineers' Club uf Cinciniiali, March 19, 1896. 

* ParmFlee and Eltms ; On Rapid Methods for the Eslimatioii of Ihe Weight of Sua- 
pendad Mailer in Turbid Waters, Tecmnologv Q[l*aTEilLV, Vol. XII, No. *. June, 1899. 

•The authors: A Comparative SiuHy of the Methods UW for the Measurement of the 
Tnrbldliyaf Water. Thchnohjgv Quartbklv. Vol. Xlll, No. j, September, 1900. 
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generally a Wellsbach burner ; a condenser ; and a reflector for trans- 
mitting the light upwards through the tube. The reading is made by 
pouring the sample into the tube until the cross of light disappears 




George W. Fullek at 



A, Tube for holding tunpk ; B, Ctots of light at bottom of tube ; C, Cue ; £>. Wellibuh 
burner; £, CbbnneTj /', Condenser i (7, Block supporting condenser; #; Reflector. 

from view. The depth of liquid in the tube may be obtained by 
dividing the amount poured in, expressed in cubic centimeters, by the 
cross section of the tube in square centimeters. 

The calibration consists in determining this depth for waters 
made turbid by the addition of different known amounts of standard 
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silica, and in compiling from these observations a scale from which 

future observations of turbidity may be obtained. Inasmuch as local 

conditions, especially as regards the intensity of the light, are subject 

to variation, it is necessary to calibrate each instrument under the 

conditions in which it is to be used. For the method of preparing 

the silica standard the reader is referred to a previous paper of the 

authors published in this journal.' To calibrate a diaphano meter, or 

turbidimeter, proceed as follows : 

L Start with a silica standard of looo. Pour this into the tube, and 

^t the point where the cross of light becomes obscured measure the 

^ amount that has been poured in, or measure the depth of the liquid 

in the tube. For convenience of description we may consider that 

the depth may be read directly, which is the case when a removable 

glass tube inside an opaque tube is used. Repeat the operation several 

times, each time thoroughly shaking the standard, until the depth has 

been determined with exactness. Dilute the standard with clear water 

r until it contains but 900 parts of silica per million, and determine the 

Fdeplh at which the cross of light disappears as before. Continue this 

[process, using successive dilutions, until the observations have covered 

Pthe range of the instrument. The results of these observations may 

1 be marked on the tube, or a table may be constructed, giving the 

Lturbidity in parts per million of silica corresponding to different 

lepths. Observations which lie between the calibrated points must 

e obtained by interpolation. The larger the number of observations 

lade, the more accurate will be the scale. 

Instead of graduating the instrument directly, however, greater 
■Accuracy may be obtained by plotting the observations and drawing a 
Scurve which will represent the results, thus avoiding errors of individ- 
I list observations. Such a curve is shown in Figure 2? The abscissas 
represent the turbidity of the standard in parts per million of silica; 
the ordinates represent the depth of liquid in the tube. A- 
caltbration table may be made from this curve by reading the tur- 
bidities which correspond to various depths, but it is advisable to 
determine the formula of the curve and calculate these values. 



'TecHMOwjgV Quaetbrlv, Vol. XII, No. 4, December, 1899. 

■ II i« pielerable to use logarylhmic croM-Bection |>a|>er (or this purpO! 
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Fig. 2. — Example of the Calibration of a Turbidimeter, showing the Depth 
OF Liquid in the Tube for Various Degrees of Turbidity. 
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Experience has shown that the curve may be represented by an 

equation which has the form of 

c 

X = — -5 

where x = the turbidity in parts per million of silica, 
jr = the depth of liquid in the tube, and where 
c and a are constants. 
The constants are determined as follows : From the plot read the 
values of x which correspond to certain integral values of _^. Thus 
from the curve shown in Figure 2, we find that 

If^ =5, ;r = lOCX). 

If^ = 6, X =: 650. 

If y = 7, X = 520, etc. 
Assume for ^: some value of x, as, for example, 1000; and substitute 
this and various values of x and jf in the general equation, obtain- 
ing a series of equations as shown below. From each of these equa- 
tions calculate the value of a. Thus : — 

1000 r u- u 

1000 = — i — » from which a = — 4.00 
S + a 

1000 ^ 

650 = g^p^' a = — 4.46 

450 = -—7—' a — — 5.78 

^^ 7 + a 

1000 ^ 

330 = i » tf = — 6.99 

^^ lo + a 

1000 
190 = -— -j > a = — 9.74 

1000 

130 = i , tf = — 12.31 

20 + a 

Next find the value of a in terms of _^ by making a second plot, as 
shown in Figure 3. In this case values of a are plotted as abscissas and 
values ofy as ordinates. These values will ordinarily fall in a straight 
line over the portion of the scale where the observations can be accu- 
rately made. From the illustration^ given it is evident that 



1-7 



' When a = 10,^ = 15.5. As the line cuts the axis of a 1.8 below the axis of jr, the 
slope of the line is shown by the ratio 10 : 15.5 + 1.8, or 10 : 17.3, or approximately i : 1.7; 

hence, « = — .L±_L1 

1.7 
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Fig. 3. — Plot to Find the Value of a in Terms of ^. 
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If this value is substituted in the general equation with c assumed 

1000 2430 ^, 

as I OCX), we have;r = . , q , or ;r := — ^ as the equation 

_ 7+ i»8 7 — 2.6 ^ 

1.7 
of the curve. 

From this equation it is possible to compute a table giving the 
turbidity in terms of the silica standard which corresponds to any 
depth of liquid in the tube when the cross of light disappears. 

A new and more convenient form of turbidimeter is described by 
one of the authors in the Journal of the' American Chemical Society^ 
November, 1901.^ This instrument, which is shown in Figure 4, may 
be used for the determination of the turbidity in water where the 
turbidity is over 100 on the silica scale. Turbidities of less than 100 
are compared directly with the standards in tubes or bottles. 

The advantage of this instrument is that standard conditions are 
used so that the formula for reading is always the same. Conse- 
quently a permanent calibration has been made on the instrument, 
and the turbidity may be read directly in parts per million of silica 
from the graduation on the tube. 

The instrument consists of a tube 25 cm. long and 2.5 cm. in 
inside diameter^ graduated from the bottom upwards in centimeters 
and millimeters in depth. The tube is also graduated in parts per 
million of silica according to the formula 

x= 'f^ 

where x := the parts per million of silica and y = the depth in centi- 
meters at which the image of light disappears. 

The following table will facilitate the permanent graduation of the 
instrument. 



' Jackson, D. D. : The Photometric Determination of Sulphates. 
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Fio. 4. — Section op the Improved Turbidimeter. 
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TABLE POR GRADUATING THE TURBIDIMETER IN PARTS PER MILLION OF 

SILICA. 



Parte per Million of SUica. 


Depth in cm. 


Parte per Million of SUica. 


Depth in cm. 




1000 


2.3 


290 


7.5 




900 


2.6 


280 


7.8 




800 


2.9 


270 


8.1 




700 


32 


260 


8.4 




650 


3.5 


250 


8.7 




600 


3.8 


240 


91 




550 


4.1 


230 


9.5 




500 


4.5 


220 


9.9 




450 


4.9 


210 


103 




400 


5.5 


200 


10.9 




390 


5.6 


190 


11.4 




380 


5.8 


180 


12.0 




370 


5.9 


170 


12.7 




360 


6.1 


160 


135 




350 


6.3 


150 


14.4 




340 


6.4 


140 


15.4 




330 


6.6 


130 


166 




320 


6.8 


120 


18.0 




310 


7.0 


110 


19.6 




300 


7.3 


100 


21.5 





The glass tube can be slipped into a holder which envelops the 
sides and is open at the bottom, except for a narrow rim which serves 
to hold it in place. The bottom of the tube is on a level with the 
bottom of the holder. A flange 12 cm. in diameter shuts out the 
stray light of the candle from the eyes. Readings are made in 
the dark room. A standard candle is used, the top of which is just 
3 inches {j.6 cm.) below the bottom of the glass tube when in place 
for reading. 

The instrument is held by an adjustable iron ring. A second 
ring suspended 3 inches below the first marks the point at which 
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the top of the candle should come. The candle is lighted and the 
liquid to be tested for turbidity is then poured into the glass tube 
until the image of the light just disappears. The reading in parts 
per million expressed in the silica standard is then taken directly 
from the glass tube. The bottom of the meniscus should always 
be taken for the reading. 

The simplicity of this instrument and the rapidity with which 
readings may be made should recommend it above other types of 
turbidimeters. 

Mi. Prosptct Laboratory t 
Brooklyn, N. Y. 
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^^^^^CONTRIBUTIONS FROM THE LABORATORV OF SaNITARV ChEMISTKY. 
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^^r A PORTABLE OUTFIT FOR WATER ANALYSIS. ^H 
By a. G- woodman. 

Thhre is a constantly increasing demand in water analysis, as in 
other branches of sanitary science, for more field work. The labora- 
tory for water analysis, though equipped with the best apparatus and 
in charge of the most skillful analysts, is hampered by restrictions of 
time and distance. It is not always possible for the mountain to 
come to Mahomet, and in these cases Mahomet must go to the 
mountain. There is a large field of usefulness for the laboratory 
which can be brought directly to the well or river. There is, more- 
over, oftentimes a considerable saving of expense in making a pre- 
liminary survey with simple apparatus before calling into requisition 
all the paraphernalia needed for final work. 

In making preliminary examinations of most likely sources for a 
town or city supply ; in testing the available water supply for a camp, 
whether of soldiers or pleasure seekers ; In the hands of the sanitary 
engineer, seeking, it may be, to explore and develop our new island 
possessions; in cases like these the value of a simple, portable outfit 
will be apparent. The development of the mining interests of the 
West would have been sadly hampered if the assay laboratory had not 
been supplemented by the prospector's "kit." 

The water analysis kit which is here described has been arranged 
in the hope that it may prove of use in the service of the prospector 
for pure water. Cabinets of apparatus and. reagents for water analysis 
are on the market, but what is especially desired is a case which can 
be made at only slight expense and fitted up from materia! to be 
found in every water analysis laboratory. It is not expected that the 
contents and the arrangement will in every instance be exactly similar 
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to those o£ the outfit described, for these will undoubtedly be varied 
to suit individual preferences as to tests and methods; these are to be 
taken simply as suggestions in this line. 

A general view of the interior of the case, open, and filled with 
the reagents and apparatus, may he had from the accompanying illus- 
tration, reproduced from a photograph. It is made of light wood, 
^ inch thick, of the following outside dimensions: 15 inches long, 
13J inches high, 4| inches deep. The top is hinged so as to turn 
back, and the front swings outward. The reagent bottles, which are 
of two sizes, containing 75 c.c, and loo c.c. respectively, are carried 




on the bottom and on a shelf above. The upmost shelf is divided 
into compartments for the more convenient storage of small pieces 
of apparatus. Horizontal wooden strips on the inside of the door 
serve as a rack for test tubes, and when the door is closed press 
against the reagent bottles and hold them firmly in place. Nessler 
tubes are carried horizontally in loops of elastic "webbing" on the 
inside of the door, and pipettes in the same way on the under side 
of the top, It is hardly necessary to give the exact dimensions for 
the interior fittings, since these will vary with the size of the bottles 
and apparatus. The case is provided with a handle at the top, and is 
of a convenient shape to carry in the hand. Complete, it weighs 
about ten pounds. A small wire ring suitable for holding a crucible 
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or small dish is attached at one side where it can be readily swung 
out for use, and a clamp for holding a pipette when used as a burette 
is fastened to the door. Other simple and convenient bits of appa- 
ratus will readily suggest themselves. 

The following pieces of apparatus are provided : 

1 — 10 c.c. pipette graduated in tenths. 
1— 5 " ** " 
2—2 ** " hundredths. 

25 c.c. calibrated flask. 

2^inch porcelain evaporating dish. 

2 — No. 7 porcelain crucibles. 

Small drinking cup. 
Candle. 
2 — Nessler tubes marked at 50 cc. 
6 — Test tubes. 

Test tube brush. 

Short pieces glass tubing. 

Stirring rod. 

Burette tip for converting pipette into a burette. 

100 c.c. glass- stopf>ered bottle. 

^The reagents, which are carried in glass-stoppered bottles, are as 
follows : 

100 c.c Nessler solution. 

" Potassium hydroxide (20 per cent, solution). 
'* Sulphuric acid (sp. gr. 1.84). 
'* Acidified silver nitrate. 
Soap solution. 

Potassium permanganate (A pp. solution). 

75 c.c. Sulphanilic acid. 

Naphtylamine acetate. 

Phenol disulphonic acid. 
*' Diphenylamine (solid). 

Potassium permanganate (crystals). 

Potassium sulphocyanate (5 grams per liter). 
" Hydrochloric acid (sp. gr. 1.12). 
*' Barium chloride (10 per cent solution). 

The preparation of some of the less common reagents in this list 
will be briefly described. 

Nessler Solution, — Dissolve 61.75 grams KI in 250 c.c. distilled 
water and add a cold saturated solution of HgClj, which has been 
made by boiling with an excess of the salt and allowing it to crystal- 
lize out. Add the HgClj cautiously until a slight permanent red 
precipitate (Hgl2) appears. Dissolve this precipitate by the addition 
of 0.7s gram powdered KI. Add 150 grams KOH, dissolved in 



^^ 



(i 






11 



298 A. G. Woodman, 

250 c.c. of water, make up to a liter, and allow it to settle twenty- 
four hours. Decant for use. This solution should give a maximum 
color with ammonia within five minutes. 

Sulphanilic Acid. — Dissolve 0.5 gram of sulphanilic acid in 
150 c.c. of acetic acid, sp. gr. 1.04. 

Naphtylamine Acetate. — Boil o. i gram of a-naphtylamine in 20 c.c. 
of water ; filter through a plug of washed absorbent cotton, and add 
180 c.c. of acetic acid, sp. gr. 1.04. 

. Phenol Disulphonic Acid, — Heat together 3 grams synthetic phenol 
and 37 grams pure, concentrated sulphuric acid in a boiling water- 
bath for six hours. 

Acidified Silver Nitrate, — A 5 per cent, solution of silver nitrate 
made strongly acid with nitric acid. 

Soap Solution, — Dissolve 100 grams of the best white, dry castile 
soap in a liter of 80 per cent, alcohol. Of this strong solution dilute 
75 to icx) c.c. to a liter with 70 per cent, alcohol. Add 70 per cent, 
alcohol until 14.25 c.c. of the resulting solution gives a lather per- 
sisting for five minutes with 50 c.c. of a standard calcium chloride 
solution (I c.c. = 0.000200 gram CaCOg). 

The tests which can be applied to a water by means of this outfit 
and the manner of making them are as follows : 

(i) Color, — Fill a Nessler tube to the mark with the water and 
observe the depth of color, looking lengthwise of the tube against a 
piece of white paper. Record as very slight, slightly yellow, light 
straw, dark brown, etc. 

(2) Free Ammonia, — Fill a Nessler tube to the mark with the 
water, drop in about a cubic centimeter of the Nessler solution and 
after five minutes note the color and record as above. If the water 
itself has much color, this will interfere and the test should then be 
made comparative, using two Nessler tubes and Nesslerizing only one. 

(3) Nitrites, — Fill a test tube half full of the water and with a 
glass tube add 2 c.c. each of sulphanilic acid and naphtylamine acetate. 
Observe the color at the end of five minutes. 

(4) Nitrates. — (a) Measure i c.c. of the water into a porcelain 
crucible. Evaporate quickly just to dryness over a candle flame. 
Add 2 drops of phenol disulphonic acid and then 2 to 3 c.c. of potas- 
sium hydroxide solution. The yellow color can be seen when the 
nitrate amounts to .100 part per million or more. If the yellow color 
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is very deep, a better idea of the amount of nitrate present may be 
had from test {b), 

(b) Place in the porcelain dish a bit of diphenylamine the size of 
a pinhead. Add lO drops of strong sulphuric acid and mix thoroughly 
with a glass rod. Let one drop of the water fall directly on the acid 
and note if any blue color appears within one to two minutes. Do 
not mix after adding the water. The test carried out in this way will 
show the presence of 2.000 parts per million, or more, of nitrates. 

(5) Chlorine, — Use 25 c.c. of the water in a test tube and about 
I c.c. of acidified silver nitrate. No appreciable milkiness means less 
than 5 parts per million; distinct milkiness, 10 parts; clotted pre- 
cipitate, 40 parts ; heavy precipitate, settling readily to the bottom, 
100 parts or more. 

(6) Hardness, — Carry out the test in the usual manner, using 
25 c.c. of the water in a 100 c.c. bottle and titrating with the soap 
solution from a pipette. Values taken from the table which is 
appended will be fairly close and serve for comparison. 



PARTS OF CaCOa IN 1,000,000 FOR EACH TENTH OF A CUBIC CENTIMETER 

OF SOAP SOLUTION USED. 





0.0 


0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


0.8 


0.9 


C.C. 


cc 


C.c. 


c.c. 


cc. 


cc. 


ex. 


cc 


cc. 


CC 


C.C. 


0.0 






• 


0.0 


1.6 


4.8 


7-9 


I I.I 


14.3 


16.9 


I.O 


19.5 


aa.i 


24-7 


»7-3 


29.9 


32.5 


35- « 


37-7 


40.3 


42.9 


2.0 


457 


486 


5» 4 


543 


57- < 


60.0 


6a.9 


65.7 


68.6 


7> 4 


3.0 


74-3 


77.1 


80.0 


82.9 


857 


88.6 


91.4 


94-3 


97.1 


100.0 


4.0 


103.0 


106.0 


109.0 


iia.o 


1 15.0 


1 18.0 


121. 1 


124.1 


127. 1 


130. 1 


5.0 


'33.» 


136.1 


»39-« 


142. 1 


145.2 


148.4 


151.6 


1548 


157.9 


161.1 


6.0 


164.3 


«67.5 


170.6 


«73-8 


177.0 


180.2 


183.3 


186.5 


189.7 


192.9 


7.0 


196.0 


199.2 


202.4 


205.6 


208 7 


211.9 


215.I 


218.5 


321.8 


225.2 



(7) Permanganate Test, — The solution is approximately - 



N 
100 



The test is carried out in a Nessler tube, using 50 c.c. of the water 
and adding the solution drop-wise, noting the amount required and 
the rapidity with which the pink color vanishes. The test carried 
out in this way can, of course, be considered advisory only. 

(8) Iron, — This test will be most useful in the case of well 
waters, to which it may be applied directly without evaporating. 
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Take 50 c.c. of the water in a Nessler tube, make It distinctly acid 

N 
with hydrochloric acid and add the permanganate drop by drop, 

ICX) 

until a faint permanent pink color is produced. Now add 5 c.c. of the 
potassium sulphocyanate and mix the contents of the tube. A dis- 
tinct color will be given with .250 or more parts per i,ooo,cxx) of 
iron. 

(9) Sulphates. — The usual qualitative test with hydrochloric acid 
and barium chloride carried out in a test tube. 

Before beginning the analytical work take a comprehensive survey 
of the surroundings of the water — it may render the analysis easier, 
or even unnecessary ; when a luxuriant growth of green algae is seen 
around the outlet of a brook into the pond, a shrewd guess as to the 
quality of the water may be made without the help of a chemical 
analysis. 

In the case of a well — note the proximity of dwellings and out- 
houses ; look for evidences of drains, cesspools, etc. ; note the general 
character and slope of the soil. 

In the case of surface waters — note whether the water seems high 
or low ; whether there is much green growth on or in the water ; if a 
pond, examine if necessary the condition of any brooks or feeders. 
Much may sometimes be learned by following these for a distance. 

Finally, a word of caution may be necessary as to the way in 
which the outfit is to be used. It must be borne clearly in mind 
that the apparatus is not gotten up for the benefit of the tyro in 
water analysis, nor does the fact that the outfit is a simple one imply 
that the subject of water analysis is thereby simplified ; as a matter 
of fact, more experience in analysis and knowledge in interpretation 
of results is needed for the use of this apparatus than for regular 
laboratory work. 

It is to be regarded simply as an attempt to apply engineering 
methods to preliminary or isolated problems in connection with water 
supplies, a subject which is coming more and more into the province 
of the engineer. Such an attempt would have been impossible in the 
past, when the training of the engineer left him entirely ignorant of 
the technique of water analysis and when the data of the chemist and 
the biologist was to him an unknown language. This is now changed, 
and the well-trained sanitary engineer of today has a good working 
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knowledge of the best chemical, biological and bacteriological methods. 
It is, then, in the hands of such engineers as these, who have had a 
sound laboratory training, who know quite well what are the limita- 
tions of their apparatus and of themselves, that an outfit of this kind 
will find its greatest usefulness. 

Massachusetts Institute ff Technology^ 
Boston^ Mass.f October, igo/. 
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Contributions from the Laboratory of Sanitary Chemistry. 

IV. 

NOTES ON OSCILLARIA PROLIFICA (Greville). 

By ISABEL F. HYAMS and ELLEN H. RICHARDS. 

First Paper : Life History. 

This plant, one of the Cyanophyceoe, was first brought under our 
notice in the course of our work in connection with the systematic 
examination of the public water supplies of Massachusetts under the 
auspices of the State Board of Health. One of these supplies was 
from Jamaica Pond, which is some eighty rods from the residence of 
one of us. This body of water lies in a suburb of Boston, about four 
miles west from Dorchester Bay. It is approximately circular, half 
a mile in diameter ; it is much of the shape of an inverted Mexican 
hat, with a deep pit somewhat out of the centre, between 50 to 60 
feet in the deepest part. One-third of the area is, however, less than 
10 feet deep. The shores are sandy and pebbly, with no marshy, 
spots. One cove, probably artificially deepened for a boat landing, 
runs in between two sharp bluffs and is the only approach to a marshy 
condition. There is the merest brooklet, feeding the pond for a short 
time in heavy rains and in wet seasons, most of the water coming 
from springs. Not since the settlement of the region has there been 
any outlet. The water is of fair quality, and furnished the earliest 
public water supply of the City of Boston. The Jamaica Pond Aque- 
duct Company was incorporated in 1795. Forty-five miles of white 
|)ine logs, nearly i^ feet in diameter, with 5|-inch bore, delivered 
about 400,000 gallons daily as far as Fort Hill. In 1897 some of 
these pipes were found in good preservation. A portion of Roxbury 
was supplied with this water until 1893, when the pond became part 
of the Park System. Analyses of the water will be found in a later 
paper. 
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Some half dozen estates, with two stretches of public road and 
two ice houses, fonned the shore of the pond, and the historian, 
Francis Parkman, made here his beautiful gardens, to which he 
brought the treasures of the lands he visited. 

In the spring of r886, the smelts, with which the water is usually 
well stocked, died in great numbers, and while many were raked from 
the surface, many more fell to the bottom. The next May there was 
noticed on the water a light brown scum, which soon disappeared; but 
during the four years following, the growth was such that the whole 
mass of water was colored, at times a dirty red, and the scum, washing 
up on the rocks, decomposed with a rich purple color and a disagree- 
able odor. The year in which the plant was most abundant, it did not 
entirely disappear during the winter, but was found embedded in the 
ice which was cut from the water. In other years it disappeared in 
July, and the water, which in June was so turbid that nothing could 
be seen at a depth of 12 inches, became clear to 10 feet or more. 
It is stated that about i860 something of the same sort occurred. 
From 1875 to 1886, however, it was not noticeable. Since its appear- 
ance in 1887, the pond has never been free from it; in some years it 
has been worse than in others, dependent upon temperature and 
sunlight. No other body of water in America has, so far as we know, 
been so infested. 

During ihe years 1888 to 1892, many samples, not only of the 
surface water, but of that at various depths, and of ice cut in winter, 
came into the laboratory. The results of examinations include 
microscopical records by a trained botanist ; but the exigencies of 
rapid routine work and the changes in the personnel of the staff, for 
various reasons, together with the fact that the useof the pond as a 
water supply was to be given up on account of the inclusion of the 
whole region as a part of the Park System of Boston, resulted in 
rather fragmentary records. The observers by no means agreed 
among themselves as to the name of this plant, and its life history 
appeared to be quite unknown. 

Our interest was aroused by the mystery surrounding this alga, so 
peculiar to this pond, so constant in its occurrence, and abundant in 
quantity as to almost exclude other forms of plant' life ; and we have 
made it an object of study during thirteen years. 

For the past two years an almost daily record has been kept of the 
various conditions of its growth and decay, and micro- photographs 
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have been made of the more important phases ; so that many points 
have been determined in its life history, in its chemical composition, 
and in its relation to the general question of water supply. 

We allow the accompanying illustrations (Figures r, 2, and 3) to 
serve for the technical botanical description and confine ourselves to 
the behavior of the plant. 

Doubtless the difficulty experienced by earlier observers in identi- 
fiL-ation was due to the great changes in size, color and appearance at 
different times and to the rarity of spore formation. Constant obser- 
vation, however, shows the continuity of all phases and renders abso- 
lutely certain the identity of the differing forms, 

Oscillaria prolifica well deserves its name, since its increase under 
favoring conditions is marvclnus. On n t;ivcn day no one but a close 



PROBABLV BECOMING A SPORK. 

observer would see in the turbidity of the water any indication of the 
possibilities which within twenty-four hours may give a floating mass 
of many hogshuads in volume and covering acres in extent. For 
instance, in 1898 the first "scum" was collected on May 26. On 
June 1 1 the water barely appeared turbid in a depth of i foot, and 
only on the margin of the east shore was the fresh growth plainly 
visible, at 6 p.m. The next day, Sunday, was bright and very warm. 
Monday morning, at 6 a.m., the water was opaque, and large patches, 
like red brown cream on a pan of milk, floated in the gentle breeze. 
The patches were of several square yards in extent, and as the wind 
freshened they piled up, like Nansen's ice, until the skimmer took up 
thick clots like rich cream. Several gallons of this cream, nearly 
pure Oscillaria. was obtained. 

The strong wind soon broke up the mass, and cold, doudy weather 
followed, so that no more scum was seen ; and on June 24 the water 
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was clear to the depth of 4 to 6 feet, aiul the only source of speci- 
mens was the impure sediment obtained by washing the stones and 
gravel on which it had settled. At this date the color was green, no 
longer red brown, A mass of it was dark olive-green, and that which 
had settled on the stones was broken in short pieces, with peculiar 
cells on the ends, as if these cells formed a line of weakness. (See 
Figures 3 and 4,) In the earlier stages of growth the ends of the fila- 




ments are blunt pointed like the head of a tape needle. (Figure 1.) 
During the lime of abundant growth no spores are found, only the 
, interlacing threads, forming a thick felt. Figures 5 and 6 show 
the masses of Oscillaria being driven before the gentle breeze, at 8 
o'clock, on June 12, 1901, small patches being visible at least 
halfway acros.i the pond. On the day before, the "cream" was 
collected from the opposite shore, the wind having been from the 
south. Nearly a barrel of the drained substance was collected in 
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these two days, and one hundred barrels might easily have been 
obtained. In a week the plant had disappeared from the surface, 
and the water was clear to a depth of 2 or 3 feet. In each of these 
thirteen years there have been two days only on which collection 
could be made of any quantity ; on three to five days a slight scum 
was found. The following table of the years 19CK) — 1901 will 
serve to show the regularity of growth, confirmed by many other 
observations. 



Datv. 

1900 




Appbakamcb. 


Date. 
1901. 


Temperature 
of water. 


9 

E o 






First sample observed. 


April 2 


43° F. 


43° 


April 9 


48° 


it 


April 10 

• 


43° 


41° 


AprU24 


51° 


<t 


April 24 


43° 


41° 


April 29 


53° 


i< 


April 29 


49° 


60° 






First film seen. Between 
of sunshine. Film green, 


1 
April 2 and April 24 only three days 

not 1)1 own. 

1 i 


May 8 


52° 




May 8 


57° 


64° 


May 10 


51° 


Slight scum 


May 9 
May 14 


55° 
62° 










May 22 


64° 


80^ 






Slight film 


May 26 


55° 








Green scum with brown 
streaks 


June 3 

June 5 (sur- 
face) 


58° 
73° 








Abundant growth 


June 11 
(deeper) 


61° 
64° 


52° 








Abundant growth 


June 12 


67° 




June 15 


70° 1 




June 19 


69° 




September 20 




Spores. Frothy. 


September 22 







Not until the end of August do even occasional spores show them- 
selves. (Figures 7 and 8.) By the middle of September they are 
not uncommon, but they are never abundant even in October. They 
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Fir,. 7. — Portion o f 
kilahent of oscillaria 
Prolifica biaming a 
SpoRK. CelU bar rel-sb aped, 
color bright green. Th« 
Spore is lighter in crjiot and 
mare homogeneous in 



cells and is surrounded by 
a ihick, colorless envelope. 
From living material col. 
lecied Oct 19, 1901, and 
trealed on ihe slide with 
fomiline and iodine. 
Camera liicida drawing by 
R. P. nigolow. X70S. 



apparently serve to carry the species through 

exceptionally severe conditions. For the 
most part, the plant breaks up into short 
pieces of two or four divisions, as shown 
in Figure 4, and thus propagates by seg- 
mentation. These fragments become de- 
cidedly heavy and rest on the bottom, 
especially on the stones, at a depth of 2 to 
4 feet around the edge of the water. They 
appear to be suspended in the denser water 
near the bottom of the shallower portion. 
They are not abundant in the mud of the 
bottom at the greatest depth. From which 
we may say, in general, that Osci liana 
prolifica lies dormant, either in the form 
of broken threads of various lengths and 
various stages of arrested development, or in the form of spores 
during the winter. That, as spring advances and the surface of the 
water becomes warmed to a teniperatnre of about 60° F., the plant 
begins to grow, and continues, so long as food and other conditions 
last, until the water reaches a temperature of 72", when rapid 
breaking up occurs. 
A week of cool weather 
in midsummer, as in 
1 89 1, will often allow 
of an increased growth, 
and a succession of 
warm days in late 
October will frequently 
permit of a fairly vigor- 
ous growth along the 
edges where the water 
is warm. 

Certain chemical 
considerations will be Fig. 8.-Osc,ll«rta Pkoufic*. 

given in another paper liearing Spores as in Figure 7, and pat 
as to the food of the "Kh shorl columnar celU. color olivegr. 

nut otnerved in fiiamenta in (be lalter condflion. Material 
P'*"*- same as Figure 7. Camera lucida drawing bj R. P. 

Bigelow. X76S. 




Two filaments 

t ul one filament 

Spores were 



3IO Isabel F. Hyams and Ellen H. Ricliards, 

The most remarkable variation in color occurs under the varyiRg 
conditions. At the time of the first observations, 1886 to 1890, the 
color in early spring and late fall was an ocher yellow to a Bismarck 
brown. The same shade is observed when an October growth 
appears. In June, during the period of greatest growth and longest 
days of sunshine, the whole mass of water, when stirred by the wind, 
appears a brownish red, sometimes suggesting chocolate, sometimes 
more like dried blood. On still mornings, after a hot, sunny day, 
the large patches found floating on the surface, many square yards 
in extent, arc of an orange brown color. These are composed of 
the new growth of the day before, and soon become distributed 
into the deeper layers by the wind, or are driven on shore to 
decay on the rocks, giving to them a rich purple coating, while the 
surface of the water is covered with a froth, especially around the 
edges. In July and August, during all these thirteen years, the color 
has been uniformly green, usually a more or less brilliant blue-green, 
justifying the right of this species to be classed with the Cyanopby^ 
ceae. The pond in some seasons is of a very rich color; in others, 
as in 1901, a light, dirty green. In the resting stage the color is 
always blue-green. In short, whenever the plant is found below 
the surface, it is blue-green in color. 

The odor of the growth is a strong grassy odor, not unpleasant ; 
but the odor of decay is intensely disagreeable, fetid rather than 
putrefactive. In years when the plant is abundant, the odor is evident 
along the shores of the pond ; but, as a rule, it is not distinguishable 
to any but the experienced nose. 
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